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Read This First!

Please complete the following steps prior to the cousse:

1.

Make sure that all of the curriculum materials are present:

1 copy of the Instructor’s Guide

1 set of do-it-yourself tabs for the Instructor’s Guide

1 master of the Student’s Guide

1 master set of do-it-yourself tabs for the Student’s Guide
1 master for each pretest

1 master for each of the design drawings

1 master for each of the written sections of the final exam
1 master of the answer key for each of the written exams
1 master of the find] design problem

If anything is missing, contact Dr. Wallace Johnston at Amarillo
College at (806) 371-5211.

Contact the college administrator with whom you are working and
obtain the items required for the course:

Textbooks

Photocopies of the Student’s Guide

Photocopies of the do-it-yourself tabs for the Student’s Guide
Supplemental publications for the appendix of both Guides
Laboratory materials

VHS Videotape: The T.B.I. - Historical Perspective (optional)

Note that Section 1, Using This Guide, in the Instructor’s Guide explains where
and how to obtain these items.

Also note that Dr. Wallace Johnston can put the administrator in touch with
suppliers of all of the materials required for the course. The suppliers will give
the college a discount on the inaterials commensurate with those offered to
educational institutions. '

Completely read Section 1, Using This Guide, in the Instructor’s
Guide. Among other things, it explains how the courss '3
structured, what materials are required to present the ¢ .rse, and
specific steps to take before, during, and after the course.
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1. Using This Guide

Overview

Panic button

Purpose of theIrrigation
Systems course

Purpose of this guide
and intended audience

How the course is struc-
tured

Urrigation Systems - Instructor’s Guide

This section provides orientation information,
such as how the course is structured, what materials
you need, and how to prepare for the classroom.

Read this section completely before attempting to use
the rest of this Guide.

Asituation may arise for which you need help and
do not know where to turn. If so, contact Dr.
Wallace Johnston at Amarillo College. His phone
number is (806) 371-5211.

Dr. Johnston will be able to help you resolve your
problem.

This course helps prepare a student for a career in
commercial and residential irrigation. Inthe proc-
ess, the course helps prepare a student to take the
licensing examinations given by the Texas Board of
irrigators.

This guide contains a structured method for pre-
senting the design and installation of irrigation
sprinkler systems. This guide is not a textbook on
irrigation systems. Rather, it allows an instructor to
present irrigation technology, in a systematic
manner, in classroom and laboratory settings.

This guide is intended for the Licensed Irrigator
who wishes to teach others about the design and
installation of irrigation sprinkler systems. This
guide assumes that the Licensed Irrigator has little
or no formal training as a teacher.

The Irrigation Systems course is a 60 clock hour
course that includes 4 laboratory exercises and 4
drawing exercises.
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Determining your own
structure

Number of students

Room requirements

1. Using This Guide

To simplify explanations, this gui~*e discusses the
course as if you will teach it in 10, six-hour sessions.
The sessions will meet once a week.

You may choose to teach the course within a
different time frame (for example, 12 five-hour
sessions, or 7 eight-hour sessions plus 1 four-hour
session). You my want to meet twice a week.

The time frarne within which you teach the course
is up to you, provided you adequately cover the
subject matter and meet any scheduling require-
ments of the college.

The next tabbed section, Lesson Plans, contains
guidelines on how to structure the time for each
subject.

At the end of the course, you will administer a 100
question examination and a design problem, both
of which will be graded. The questions and the
design are similar to what the student will encoun-
ter on state examinations.

The minimum number of students required for a
course to be offered is usually up to the college.
Check with your college administrator to find out
this minimum number.

The number of students to which a class is limited
is usually up to the instructor. Twenty students s a
good number to set as the maximum class size.

You need2 different areas in which to conduct the
course. One of the areas needs to be a place where
the students can get dirty and physically create a
mess. This area is where you will conduct the labs.
Shop classrooms work well for this area because
they usually are spacious and have a cement floor
that is easily swept and cleaned.

15
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1. Using This Guide

Arrangement of furnish-
ings

Irrigation Systems - Instructor’s Guide

An ordinary classroom can serve as the other
teaching area. Be sure to obiain a classroom large
enough to accommodate the number of siudentsin
the class.

Arrange the chairs and tables or desks in the room
so that the students can see each other. Arranging
the furnishings in a “U” shape works well. Be sure
to leave the furnishings as you found them before
you adjourn for the day.

If at all possible, avoid an arrangement of seating
where each row faces the front of the room. This
isolates the students and is less conducive to learn-
ing.

wa
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Textbook for ti.e course

Where to obtain text-
books for the course

1. Using This Guide

The textbook for the course is the The ABC’s of
Lawn Sprinkler Systems prepared by the staft of

Irrigation Technical Servicesunder the direction of
A. C. Sarsfield.

Both the instructor and each student must have a
copy of the ABC’s.

In addition to the ABC’s, the instructor must have
a copy of the Turf Irrigation Manual, The Complete
Guide to Turf and Landscape Sprinkler Systems, by
James A. Watkins.

Only the instructor needs a copy of the Turf Irriga-
tion Manual.

Also valuable for the instructor to have, but uot
required, is a copy of Residential Irrigation - Design
and Installation by Warren Johnson.

You may obtain textbooks for the course by con-
tacting the college representative for whom you
have agreed to teach the course (this may be the
dean). That person can assist you in obtaining the
textbooks.

The textbooks may be obtained either of 2 ways:

Contact the supplier of the books directly and
place your order:

ABC'’s of Sprinkler Systems
Irrigation Technical Services
P. O. Box 268
Lafayette, CA 94549

Turf Irrigation Manual
Telsco Industries
P. O. Box 18205
Dallas, TX 75218

I ;;
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1. Using This Guide

Irrigation Systems - Instructor’s Guide

Residential Irrigation
Warren Johnson
13777 N. Central Expressway
Dallas, TX 75243

Contact Dr. Wallace Johnsten at Amarillo College
(806/371-5211). He will put you ir touch with an
irrigation supply company that has all of the items
already assembled into a package called the Text-
book Kit.

The Textbook Kit contains:

ABC’s of Lawn Sprinkler Systems (the company will
supply as many of the booksasre- -ed for
your class)

Turf Irrigation Manual (1 each)

Residential Irrigation - Design and Installation (1
each)

The T. B. L. - Historical Perspective (VHS video

tape)

The college sponsoring the course will receive a
discount on the Textbook Kit commensurate with
those offered to educational institutions.

Y
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Supplemental publica-
tions for the appendix

Where to obtain the sup-
plemental publications

1. Using This Guide

In addition to the textbook, three publications are
required for the appendices in the Instructor’s
Guide and in the Student’s Guide. These publica-
tions arerequired and must be obtained--this is vi-
tally important!

The three publications are the Febco Cross Con-
nection Control Handbook, The Watts 50 Cross
Connection Questions, Answers, and [llustrations,
and Drip Irrigation.

You may obtain the supplemental publications by
contactingthe collegerepresentative for whomyou
have agreed to teach the course (this may be the
dean). That person can assist you in obtaining the
publications.

The publications may be obtained either of 2 ways:

Contact the suppliers of the publications directly
and place your order:

Febco Cross Connection Control Handbook

Febco

Crawford Terry, Inc.
Manufacturers Representative
10574 King William Drive
Dallas, TX 75220

50 Cross Connection Questions, Answers & Hlustra-
tions

Watts Regulator Company
P.O. Box 628
Lawrence, MA 01842

iy
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1. Using This Guide

Irrigation Systems - Instructor’s Guide

Drip Irrigation

Texas Water Development Board
P.O. Box 13231

Capitol Station

Austin, TX 78711-3231

Contact Dr. Wallace Johnston at Amarillo College
(806/371-5211). He will put you in touch with an
irrigation supply company that has these publica-
tions grouped as a package called the Appendix
Kit.

The Appendix Kit will contain as many of each
publication that you need for your class.

The college sponsoring the class will receive a
discount on the Appendix Kit commensurate with
those offered to educational institutions.

~J
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Teaching materials sup-

plied to you

Adnministrative items
you need to teach the
course (paperwork)

1. Using This Guide

‘The following is a list of the items that you will
receive from the Texas Higher Education Coordi-
nating Board, Community College and Technical
Institute Division.

1 copy of the Instructor’s Guide

1 set of do-it-yourself tabs for the Instructor’s
Guide

1 master of the Student’s Guide

1 master set of do-it-yourself tabs for the Student’s
Guide

1 master for each pretest

1 master for each of the design drawings

1 master for each of the written sections of the final
exam

1 master of the answer key for each of the written
exams

1 master of the final design problem

A certain amount of paperwork is required for you
to administer the course. The college sponsoring
the course will supply you with the following iteins:

Class roster

Class attendance record (form on which to keep
roll)

Applicable fo. ms for late registrations, student
withdrawals, etc.

Requisition form to request supplies for the course

Forms for requesting audio-visual equipment and
classroom support

o
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1. Using This Guide

Classroom materials
you need to teach the
course

Additional classroom
materials you may wish
to have

Irrigation Systems - Instructor’s Guide

You will need the following classroom materials to
present the course:

Blank transparencies

Calralator (hand-held or desktop)

Drafting board, at least 18" X 24"

Drafting compass

Drafting iriangles

Er o

Erasing shield

Granli paper, 10 squares per inch

Overhead projector

Paper towels or shop rags

Paper, ruied

Pencils, #2 with erasers

Photecopies of various items (that is, you need
access to a photocopier)

Projection screen (or a suitable surface such as a
blank portion of a wall)

Ruler, 10 scale

T-Square to fit size of drafting board

Transparency markers

VHS video tape player

Video tape monitor

Watch or clock

Flip chari and easel

Flip chart pad

Markers fur fiip chart

Cassette tap: recorder to record lectures

Cassette tapes

Extension co-?

35mmslide , jector

Slide tray(s) for 35mm slides

Reference books and magazines

35mm slides (your own)

cxamples of interesting irrigation products (very
old or very new items, oddball items, self-made
items, etc.)




1. Using This Guide

Where ts obtain the You may obtain most of the audio-visual materials

classroom materials from the college where the course will be held.
Contact the college representative for whom you
have agreed to teach the course (this may be the
dean). That person can assist you in obtainiug the
materials (which often means completing the
appropriate form).

Give the representative at least 1 week prior to the
start of the course.

o, .
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1. Using This Guide

Laboratory products
required for the course

Irrigation Systems - Instructor’s Guide

Four laboratories allow the students to physically
participate in the learning process, such as disman-
tling components and practicing solvent welding.

The following products are required for use in the

"labs.

Pipe

Seach 1footof 1" copper, type L

1 each 1 foot of 1" copper, type M
Seach 1footof 1" PVC, schedule 40
1each 1footof1"PVC, class 200

4 each 1 footof7/8"PE

Fittings

1 each 1"compression tee CTS (PVC)

1 each 1"compression tee IPS (PVC)

4 each 1" copper tee

4 each 1" copper ell

4 each 1" copper coupler

4 each CompressionteeforPE,7/8"to1/2"NPT
4 each Compression coupler for PE, 7/8" to 7/8"

Welding/Soldering Supplies

1each Soldering flux
1 each Rollof solder
1 each 1/2 pint PVCsolvent
leach 1/2 pint PVC primer

Controllers t

1 each 4 station solid state, push pad type

1 each 6 station solid state, dial type

1 each 4 station electro-mechanical, pin type

! each 12stationelectro-mechanical, switchtype
1each 2 or4station battery powered




Sensors

1 each

Heads

2 each
2 each
2 each
2 each
2 each
2 each
2 each
2 each
2 each

1. Using This Guide

Rain sensor

Spray head, large circular pattern
Spray head, small circular pattern
Spray head, stream rotor

Spray head, tall (12") pop-up
Impact head, bucket type

Shrub head

Rotary head, gear drive

Rotary head, ball drive

Hybrid head, large square pattern

Sprinkler stands/nipples

2 each
2 each
2 each

Sprinkler stand
1/2" X 1/2" nipple
3/4" X 1/2" wapple

Valves and valve accessories

1each
1each
1each
1each
1each
1each
1each
1each
1each
1each

3/4" gate

3/4" ball

3/4" straight-through electric
3/4" manual angle

1" electric globe

1" electric anti-siphon

1" electric globe with flow control
Hose bibb

Quick connect

Valve handle

Backflow prevention devices

1 each
1 each

Dual check
Atmospheric vacuum breaker

20

Irrigation Systems - Instructor’s Guide




]

1. Using This Guide

1each Pressure vacuum breaxer
1each Double check

1 each Reduced pressure principle
1each Hose bibb vacuum breaker

Drip irrigation products

1each 10 feet of 1/4" P& tubing
1each 10 feet of 1/2" PE tubing
1each 10 feet of double chamber PE tubing
Seach Emitters, pressure balanced
Seach Emitters, non-pressure balanced
Seach 1/4"coupler
Seach 1/4"tee
Seach 1/4"ell
Seach 1/2"coupler
Seach 1/2"tee
Seach 1/2"ell
Seach double chamber coupler
‘ Seach double chamber tee
Seach double chamber ell
1each Filter
1each Hole punch
1each Fogger l
1each Micro sprinkler
1each Pressure regulator
1 each Dual chamber self-flushing 2nds
1 each Fertilizer injector
1 each Anti-siphon device
1each Drip kit for patios
1 each Drip kit for vegetables
1each Coring tool
1each Moisture sensor
Leach Drip manual (vendor product literature)

Q Irrigation Systems - Instructor’s Guide 1-13




Where to obtain the lab
products

Additional items re-
quired for the labs

1. Using This Guide

You may obtain the products in either of 2 ways:

Visit irrigation/plumbing supply houses and re-
quest the items on the list. Be aware that anysingle
supply house may not stock all of the items.

Contact Dr. Wallace Johnston at Amarillo Col-
lege (806/371-5211). He will put you in touch with
an irrigation supply company that has all of the
items already assembled into a package called the
Lab Kit.

The college sponsoring the course will receive 2,
discount on the Lab Kit commensurate with those
offered to educational institutions.

In addition to lab products listed above, you need
the following items for the labs:

Assorted hand tools (open end wrenches, pliers,
screwdrivers, hacksaw, propane torch, plumb-
ing solder, and goggles)

Additional types of solvents and cleaners to prac-
tice solvent welding.

Additional samples of tubular goods (PVC, PE,
ABS, copper, etc.)

These items are available from different sources.
You can probably obtain the tubular goods and
solvents from your students. Ask your students to
bring any scrap pieces of pipe, fittings, and sol-
vents/primers. The scraps can be short, 12 inches
or less, and still be adequate for purposes of the
course.

The hand tools can either be your own or those of
the students.

AN}
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1. Using This Guide

Instructor’s Guide and
Student’s Guide

Annotations in the
Instructor’s Guide

Sections in the Guides

Irrigation Systems - Instructor’s Guide

The Instructor’s Guide and the Student’s Guide
supplement the course textbook aad help round
out the explanations of certain subjects.

Both the Instructor’s Guide and the Student’s
Guide use a two column format. The left hand
column contains descriptive information about the
paragraphs in the right hand column. The descrip-
tive information helps the reader move quickly
through the pages and pick out key ideas.

The lines of descriptive information are called
callouts.

TheInstructor’s Guide also contains annotations in
the left hand column. The annotations provide
additional information to the instructor.

Inorderfortheinstructor totell an annotationfrom
a callout, all annotations are labelled “Annota-
tion.” Following the word “annotation” is a de-
scriptionof the type of annotation. Forexample, an
annotation that lists a discussion question for the
studentswould appear inthe left column as follows:
Annotation:

(Discussion Question)

Both Guides are divided into 12 sections. Except
for Section 2, the names of the 12 sections are the
same in both Guides.

Section2inthe Student’s Guide is titled “Preparing
forthe LIExam.” Thatsame informationislocated
in the appendix of the Instructor’s Guide.

All of the sections dealing with irrigation systems
are similarly organized. They present the material
in narrative form and usually conclude with a
subject review.

ol
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Pretests

Posttests

Overview of the sections

1. Using This Guide

The subjectreviews usually contain 24 questions: 8
fill in the blank, 8 true or false, and 8 inultiple
choice.

The Instructor’s Guide contains answers to the
review questions. In addition, each answer lists the
page number where that answer can be verified.

Sections 3 through 6 have an accompanying pretest.

The purpose of a pretest is to determine how much
of the subject matter the students already know.
This allows you to adjust your level and speed of
teaching to suit the majority of students. In addi-
tion, a pretest allows the students to participate in
an activity at the start of the sections.

All pretests are located in the 9x12 envelope la-
belled “Tests.”

The purpose ofa posttestis to determine how much
of the subject matter the students have learned.
The teaching materials for this course contain no
posttests as such. The subject reviews serve as
posttests.

That s, if you go over the subject review questions,
you will cover most of the information on the
pretests. You will cover the remaining questions on
the pretests during the discussion of the informa-
tion in the sections.

The first 2 sections contain information to help you
get oriented and organized.

Section 3 is a general introduction to irrigation.
Sections4 through 8 contain the heart of the subject
matter. The subjects are generally organized in a

c -
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1. Using This Guide

from-the-meter-to-the-house approach. That is,
the discussion of irrigation systems begins at the
water meter and works its way toward the dwelling.

Section 8 is designed to be taught by persons other
than the instructor, such as local code inspectors,
local landscapers, etc.

The last 3 sections contain reference materials to
supplement the course.

Overview of the sections The following graphic representation shows what
by weeks material you will cover during which week.

1. Using This Guide

Written equivalent of a handshake, a hello, and
a “let me show you around.”

pre-Week 1
e 2. Lesson Plans

Class sessions outlined by time, learning activi-
ties, etc.

3. TIrrigation - Then and Now

Irrigation history

¥

Week 1 LAWS
e TBI act

Ethics and practice
Evolution of products
Terms and definitions

(]
Ly
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1. Using This Guide

I_ 4. Controlling Water Flow

Week 2

Water meters
lus 1 .
(plus Lab 1) Cross connection

Backflow prevention

Valves
Week 3 Types, uses, etc.

Controllers and electrical wiring

S. Controlling Water Placement

Piping

Types, uses, schedules, etc.
Connecting pipe

Solvent welding and soldering

Week 4

(plus Lab 2) Sprinkler types and nozzles
Precipitation and application rates

6. Layout and Design

Basics of hydraulics
Drawing exercise 1
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1. Using This Guide

=

Week 5

L
-

Week 6
(plus Lab 3)

Week 7

Week 4

1

)
\
‘ Week 2

Week 5

Week 6

1 T

Irrigation Systems - Instructor’s Guide

9.

Lab #1 Show and tell of backflow prevention

Design and plot plans
Design hydraulics
Drawing exercise 2

. Drip Irrigation

Drip and micro irrigation
Percolation
Drawing exercise 3

. Irrigation Considerations

Codes and ordinances
Application enforcement
Landscape design
Beautification

Efficiency of water use

Labs and Exercises

devices

Lab #2 Showand tell of solvent welding, soldering,

types of pipe
Drawing Exercise #1

Drawing Exercise #2

Lab #3 Show and tell of drip irrigation products

Begin Drawing Exercise #3




—
Week 7

Week 8

Week 9

Week 10

1 T

1

[

1

1. Using This Guide

Complete Drawing Exercise #3

Lab #4 Show and iell of irrigation eq:. ‘pment
(trenchers, etc.)
Drawing Exercise #4

Practice test, LI Exam design part

Practice test, LI Exam written part
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1. Using This Guide

Teaching tips

Involve your students

Do not feel obligated tc
know it all

Ask open ended ques-
tions

Irrigation Systems - Instructor’s Guide

Your greatest resource as an instructor is your
students. Let themn share what they know and
everyone benefits. The more thai you involve your
studentsin classroom discussions znd activities, the
more that they will learn.

That is the first teaching tip: involve your students
in classroomdiscussions and activities. The “learn-
ing activities” included with the lesson plans are
specifically designed for this. In addiiion, when a
student asks you a question, give the other students
the chance to answer it first. Ask the students,
“What do you think?”

The second teaching tip concerns your knowledge
of theirrigation business: no one knows everything
about a subject. Do not feel that you must know
everything about irrigation. Yourjobisto facilitate
learning, uot to be a walking encyclopedia.

Help the students share with each other what they
know. Correct any erroneousinformation that they
may impart.

Itis perfectly acceptable for you, as aninstructor, to
respond to a question with, “I don’t know, but why
don’t we both try to find out.” If such a situation
occurs, request that the students research an an-
swer. Follow up onyour promise and alsoresearch
an answer. Next time that the class meets, ask the
students to share what they discovered before you
provide an answer.

A third teaching tip is to ask open ended questions.
Thatis, ask questions that cannot be answered with
asimple “yes” or “no.” Open ended questions will
encourage your students to communicate.

1-21
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Be enthusiastic
Give frequent, but short,
breaks

Q 1-22

1. Using This Guide

Afourth teaching tip involves your enthusiasm. Be
enthusiasticaboutwhat youare doing and putsome
life into the course. If you enjoy the learning
process, your students will enjoy it too.

Mingle with the students when they do written
work. Peek over shoulders and give praise and
encouragement where it is genuinely due. Offer
advice and suggestions for improvement in a
nonthreatening way. Treat your students as adults,
and they usually respond as aduits.

Afifth teaching tip concerns breaks. Frequent, but
short, breaks a. . more conducive to learning than
infrequent, long breaks. If convenient, break about
every hour for five minutes.

Be punctual on the time and show the students that
a five minute break means five minutes, not seven,
not ten. Resume your teaching after five minutes
whether or not all of the students have returned
from the break.

SO
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1, Using This Guide

Steps to complete prior Make sure that you complete the following activi-
to the course ties before the course begins:

1. Assist the college is advertising the course and
obtaining students. Notify likely candicates about
the course.

2. Tell the college dean or administrator your room

requirements. This will allow that person to ar-
range a suitable classroom and laboratory area.

3. Locate the classrooms and familiarize yourself
with the area.

4, Give the dean or administrator your requirements
for audio-visual equipment.

5. Work with the dean or administrator to complete
the administrative tasks involved with presenting

. the class.

6. Once you know the number of studentsenrolled for
your class, order that number of ABC’s. The dean
or administrator can assist you with the ordering,
(Refer to the information above, “Where To Ob-
tain Textbooks For The Course.”)

7. Give the master of the Student’s Guide to the dean
or administrator and inform that person how many
photocopies of it you need for the students. Note
that the Guide is duplexed (copied on both sides).

8. Review all of the reference materials that you have
for the course and become familiar with them.

Irrigation Systems - Instructor’s Guide 1-23




10.

11.

12.

Steps to complete for
each class session

1. Using This Guide

Enlist the support of local code inspectors, land-
scapers, irrigation equipment suppliers, and agricul-
tural extension office agents. These are the type of
speakers that you need for class session 7 of the
course.

Determine whensession 7 will occur and decide on
which speakers that you want. Contact the speak-
ers and give them very specific topics on which to
speak. In other words, do not request that a
landscaper come and talk about landscaping. Be
specific and state what you want: you want the
landscaper to talk for an hour on the problems of
integrating landscape design and irrigation, for
example.

Begin gathering the materials that the college
cannot supply, such as tubular goods.

Prepare open ended questions that you can use to
invite student participation.

Prepare your lesson plan for class session 1 if you
choose not to follow the one provided.

Make sure that you complete the following activi-
ties for each class session:

Check the roll.
Review all assignments and stucent contributicns.

Ensure that the students understand the material
by asking open ended questions.

Assign reading and out-of-class activities.

Prepare your lesson plan for each class session if
you choose not to follow the ones provided.

I
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2. Lesson Plans

Lesson Plan
Class Session 1

Irrigation - Then and Now

When What How
Morning
7:45 - 8:00 Greet students as they arrive Walk around the room
and mingle
8:00 - 8:15 Distribute pretest Written activity

8:15-10:00

10:00 - 10:15

Introduce yourself and welcome
the students

Check roll and add names to
the class attendance record

Hand out receipt of payment to
the students who mailed in their
tuition

Register any walk-ins

Ask students to introduce
themselves

Distribute printed materials
(ABC’s and Student Workbooks)

Explain the course and how
you plan to present ii

Give an overview of the subject
for today

Break

Irrigation Systems - Instructor’s Guide

Ask the students to
answer as many of the
questions as they can on
their own, then discuss
the answers with the
other students

Lecture
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Lesson Plan: Class Session 1

When

What

How

10:15 - 10:40

10:40 - 12:00

Noon

12:00 - 1:00

Afternoon

1:00 - 1:30

1:30 -2:00

2:00 -2:05
2:05 - 2:35

2:35 -2:50

Discuss what irrigation reans, how
long it has existed, the types of
irrigation, and early examples of
irrigation such as Euphrates Wheel,
aqueducts,windmills.

(Pages 1-3)

Discuss irrigation in Texas: the
history of it, methods used such as
windmills and reservoirs, irrigation
and beautification, irrigation as big
business, and the TBI Act.

g;ages 4 - 7 and Appendices A and

Lunch

Discuss ethics in irrigation: what it
meanstobea  profession
irrigator and ways in which
irrigators can improve public
opinion.

(Pages 8 and 9)

Discuss how methods of watering
have changed over the years, how
products have improved and why,
and what some of the common
terms are in the irrigation business.
(Pages 9 - 12 and glossary)

Break

Complete Learning Activity 2
(Sce Activity 2 at the end of this
lesson plan)

Complete subject review
Discuss it and the pretest
(Pages 13 and 14 and pretest)

Lecture and student
participation (discuss
questions)

Lecture and student
participation (read and
discuss parts of the TBI
Act)

Lecture and student
participation (discuss
questions)

Lec_tu_re :and student
participation (read and
discuss terms in the

glossary)

Class activity

Writing activity and
class discussion of
answers

KW,
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Lesson Plan: Class Session I

When What How

2:50 - 3:00 Wrap up: answer questions, Open forum
announce reading assignment for
next cf s, and thank the students
for their participation
(Listed in the Orientation for
Section 1)

3:00 Dismiss class.

Learning Activities

1. Instruct the students to form groups of three or four persons. Ask each group
to agree on three ways for irrigators to exhibit professional behavior. Allow
the groups abont five to ten minutes to prepare. Ask each group to share with
the class its ideas.

2. Divide the students into two groups, Sprinkler Company A and Sprinkler
Company B. Each group is to choose a spokesperson.

Describe this scenzrio to them:

Mr. and Mrs. Smith purchased a residential sprinkler system from your
company. 1ue Smiths agreed to pay for the system in three payments over
three months. At the insistence of the Smiths, your workers have made
five trips to the residence to adjust and fine tune the system. From your
standpoint, the system appears to work serfectly. The Smiths still contend
that the system does not work as promised and they refuse to pay the final
two-thirds until you satisfy ther.

How does your compauy resolve this?

Allow the students about ten to fifteen minutes to prepare, then ask each
group to explain its resolution.

‘:t'_,
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Lesson Plan: Class Session 1

This page included for duplexing.
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Lesson Plan
Class Session 2 (includes Lab 1)

Water Meters, Cross Connection, and Backflow Frevention

Morning

7:45 - 8:00

8:00 - 8:15

8:15 - 8:30

8:30 - 9:10

9:10 - 9:20
9:20 - 9:45

Greet students as they arrive

Distribute pretest

Check roll and add names to the
class attendance record

Register any walk-ins

Give an cverview of the subject
and lab for today

Discuss water meters and cross
connection

Define backflow prevention
and explain why it is important to
the irrigator

Go over the information in the
Febco handbook and the Watts
publication.
(Pages 1 - 4, and the appendix)

Break

Answer any questions that may

have originated during the break
Discuss the subject review for

this section

(Pages 5 - 10)

4z
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Walk around the room
and mingle

Written activity

Ask students to
answer as many of the
questions as they can on
their own, then discuss
the answers with the
other students

Lecture

Lecture and student
participation (discuss
questions)

Writing activity
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Lesson Plan: Class Session 2

When What How

9:45 - 10:00 Instruct the students io0 read the Class activity
explanation for Lab 1 in Section 9
Verify that the students
understand the purpose of the lab
and what they are supposed to do

10:00-10:10  Break
10:10 - 12:00 Begin the procedure steps for Lab  Class activity
1

Noon

12:00 - 1:00 Lunch

Afternoon

1:00 - 2:25 Continue with the procedure steps  Class activity
for Lab 1

2:25-2:30 Break

2:30 - 2:55 Continue with the procedure steps  Class activity
for Lab 1 but begin to conclude the
activities

Request that the students not
begin a task that will take more
than 30 minutes to complete
(unless you and the students are
willing to extend the lab time)

Begin to re-box the backflow
prevention devices as the students
complete the lab

2:55 - 3:00 Anaounce rcading assignment for  Open forum
next class
(Listed in the Orientation for
Section 4)

3:00 Dismiss class (unless you and the
students are wiliing to extend the
lab time)

v -
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Lesson Plan: Class Session 2

Learning Activities

Divide the students into two groups (or let them determine the two groups).
Each group has two tasks to accomplish:

To list all of the different types of backflow prevention devices t*at the
group members have used in irrigation. To list the good and bad points
about each type based on their experience with the devices in actual
irrigation situations.

Allow the groups about fifteen minutes to prepare, then ask each group to
present its information. As a class, discuss the information from both
groups.

Divide the students into two groups, Sprinkler Company A and Sprinkler
Company B (cr let them determine the two groups). Each group is to choose
a spokesperson to explain the decision of the group.

&
Describe this scenario to them:
The ChemPest Company has contacted vou about inst.Jdling a residential ‘iﬂ
sprinkler svstem. ChemPest manufactures liquid pesticides at iheir plant.
The oflice area is a separaic briiding froi. .he chemical rlaat. Separate
water meters serve the piant and the office building. ChemPest »ants all
of their turf areas irrigated.

What type of backflow prevention devices will your sprinkler company
install and why?

Allow the groups about fifteen minutes to prepare, then ask each group to
present its information. As a class, discuss the information from both groups.

TSN
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Lesson Plan: Class Session 2

This page included for duplexing
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Lesson Plan
Class Session 3

Valves, Controllers, and Electrical Wiring

When What How
Morning
7:45 - 8:00 Greet students as they arrive Walk around the rooia

8:00 - 8:15

8:20 - 8:30

8:30 - 9:10

9:10 - 9:25
9:25-10:60

10:00 - 10:30

Distribute pretest

Check roll and add names to the
class attendance record

Give an overview of the
subjects for today

Discuss the concept of valves, why

they are used in irrigation, the

types of manual valves and the
es of electric valves

g’%ges 11-13)

Break

Discuss hydraulic valves, additional
types of valves common in
irrigation, where to place valves,
and the importance of drain valves
(Pages 14 - 18)

Guide a learning activity

Choose either Learning
Activity 1 or 2, which are listed at
the end of this lesson plan

Loa
<
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and mingle

Written activity

Ask the students to
answer as many of the
questions as they can on
their own, then discuss
the answers with the
other students

Lecture

Lecture and student
participation (discuss
questions)

Student participation

Student participation
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Lesson Plan: Class Session 3

When What How

10:30 - 10:40 Break

10:40 - 11:00 Answer any guestions that may  Writing activity
have originated during the break

Discuss the answers to the
subject review for vaives
(Pages 19 - 24)

11:00 - 12:00  Discuss the dfferent types of Lecture and student
controllers aud review the participation (dis- cuss
advantages and disadvantages for  questions)
each type

Discuss the power
requirements of controllers and
their common features
(Pages 25 - 30)

Noon
12:00 - 1:00 Lunch
Afternoon

1:00 - 1:35 Discuss wiring: how it relates to  Lecture and student
controllers, size, how to splice, and  participation (dis- cuss
how to install questions)

(Pages 31 -33)

1:35 - 1:45 Break

1:45 - 2:25 Complete Learning Activity 3, Student participation
which is explained at the end of this
lesson plan

2:25-2:30 Break

2:35 - 2:55 Discuss the answers to the subject ~ Writing activity
review for controllers and to the
pretest
(Pages 35 -41)

4
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Lesson Plan: Class Session 3

When What How
2:55 - 3:00 Announce reading assignment for  Open forum
next class
(Listed in the Orientation for
Section 4)
3:00 Dismiss class
Learning Activities

1.  Divide the students into two groups (or ler them determine the two groups).
Each group has three tasks to accomplish:

To list all of the different brands of valves that the group members have
used in irrigation.

To categorize the brands of valves as many ways as they can think of: by
type of operation, by configuration, by purpose, ard so forth.

To list the good and bad points about each brand based on their
experience with the valves in actual irrigation situations.

Allow the groups about fifteen minutes to prepare, then ask each group to

present its information. As a class, discuss the 1aformation from both groups.
2. Divide the students into two groups (or let them determine the two groups).

Each group is to choose a spokesperson to explain the findings of the group.

The task for each group is to explain the procedure for installing valve boxes.

Assume that the explanation is for someone who has never worked in the

irrigation business and is not familiar with the methods or products.

Both groups should consider factors such as the following:

Potential problems when installing boxes

Types of soils and how to deal with them
How the depth of the boxes affects the installation. if at all

T~
49

Irrigation Systems - Instructor's Guide LP3-3




Lesson Plan: Class Session 3

How the shape of the boxes affects the installation, if at all
How the material of the boxes (plastic, etc.) affects the installation, if at
all.

Allow each group about 15 minutes tc prepare what they want to say. Each
group should then spend about 10 minutes explaining the procedure.

Note:  After the groups have finished explaining theii procedures, refer the
students to page 122 in the ABC’s. That page lists some information
concerning how to set valve boxes.

3. This activity is for the discussion of controllers. Among the irrigation products

supplied for the course are some controilers. You will need those controllers
for this activity.

Divide the students into as many groups as you have different controllers. For
example, if you have two types (or brands) of controllers, form two groups; if
you have three types of controliers, form three groups, etc.

Give each group a controller and the operating instructions that accompany it.

Each group has two tasks to accomplish:

Learn how 10 operate the controller to establish the watering times, days,
and lengths for a sprinkler system.

Explain to the rest of the class how to operate the group’s particular type
or brand of controller.

Allow each group about 15 minvtes to prepare what they want to say. Each
group should then spend about 5 :ninutes explaining how to operate the
controller.

© Lp3-4 Yrrigation Systems - Instructor’s Guide
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Lesson Plan

Class Session 4 (includes Lab 2)

Piping, Connecting Pipe, Sprinkler Heads and Nozzles

When What How
Morning
7:45 - 8:00 Greet students as they arrive Walk around the room
and mingle
8:00 - 2:10 Distrib .te pretest Written activity
Asa students to
answer as many of the
questions as they can on
their own, then discuss
the answers with the
other students
8:10 - 8:20 Check roll and add names to the Lecture
class attendance record _
Give an o~2rview of the subject
and lab for today
8:20 - 9:00 Discuss the var.ous types oi pipe  Lecture and student
commor in the irrigation business  participation (discuss
and the different ways of questions)
connecting pipe
(Pages 1 -18)
9:00 - 9:20 Discuss the subject review on  Wri .. 1 activity
piping and ccanecting pipe
(Pages 19 - 23;
9:20 - 9:55 Discuss sprinkler heads and Lecture and student
nozzles. participation (discuss
(Pages 25 -34) questions)
9:55 - 10:10 Discuss the answers to the subject ~ Writing activity

review on sprinkler heads and
nozzles and to the pretest
(Pages 35 - 41)

Irrigation Systems - Instructer’s Guide
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Lesson Plan: Class Session 4

When

What

How

10:10 - 10:20
10:15 - 12:00

Noon

12:00 - 1:00

Afternoon

1:00 - 2:30

2:30 - 2:55

2:55 - 3:00

3:00

Break

Verify that the students understand
the purpose of Lab 2 and what they
are supposed to do

Igegin the procedure steps for

Lunch

Continue with the procedure steps
for Lab 2 (The students should take
breaks on their own, not formally
as a class)

Contirue with the procecure steps
for Lab 2 but begin to conclude the
activities

Request that the students not
begin a task that will take more
than 30 minutes to complete
(unless you and the students are
willing to extend the lab time)

Announce reading assignment and
homework for next class (Listed in
the Orientation for Section 5)

Dismiss class (unless you and the

students are willing to extend the
lab time)

Learning Activity

Class activity

Class activity

@

Class activity

Open forum

Laboratory 2 serves as the learning activity for this class session.

e

(.

i

Irrigation Systems - Instructor’s Guide




When

Lesson Plan
Class Session 5

Layout and Design

What

How

Morning

7:45 - 8:00

8:00 - 8:10

8:10 - 8:15

8:15 - 8:35

8:35 - 9:30

9:30 - 9:35

Greet students as they arrive

Distribute pretest

Check roll and add names to the
class attendance record

Give an overview of the
subjects for today

Discuss the basics of design, such as
efficient/effective systems,
precipitation rate, and problems
such as low pressure and high

pressure
(Pages 1- 6)

Discuss the basics of hydraulics,
such as static pressure and working
pressure, friction, friction loss, and
velocit

Discuss the subject review on
the basics of design and hydraulics
(Pages 7 - 15)

Bieak

{
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Walk around the room
and mingle

Written activity

Ask the students to
answer as many of the
questions as they can on
their own, then discuss
the answers with the
other students

Lecture

Lecture and student
participation (discuss
questions)

Lecture and student
participatioy (discuss
questions)
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Lesson Plan: Class Session 5§

When

What

How ‘

9:35 - 10:30

10:30 - 10:35
10:35-12:00

Noon

12:00 - 1:00

Afternoon

1:00 - 1:55

1:55 - 2:00

Discuss the first 2 phases of layout
and design: plot plans and how to
lay out sprinkler heads on a plot
plan (triangulation)

Discuss the subject review on
design phases 1 and 2

Ask if any student had
difficulty using a compass or ruler
for the homework (if so, offer
suggestions on ways to improve,
etc.
(Pages 17 - 35)

Break

Discuss phases 3 and 4 of layout
and design: adding the plumbing,
sizing pipe, and checking the design
mathematically

Explain the math for each
drawing on the following pages in
the ABC’s: 99, 100, 101, 106, 107,
and 108

Discuss the subject review for
design phases 3 and 4
(Pages 37 - 49)

Lunch

Begin Drawing Exercise 1

Have the students work
individually to place the heads and
decide what patterns to use

Break

ye
¢

Lecture and student
participation

Lecture .and student
participation

Student participation
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When

What

Lesson Plan: Class Session 5

How

2:00 - 2:15

2:15-2:55

2:55-3:00

3:00

Divide the students into two equal
groups

Have each group look at the
layouts of its members and discuss
the different ways of laying out the
heads

Complete Learning Activity 1.

Work both problems on the
blackboard as a group activity (that
is, ask the students to ¢xplain how
to solve the problems while you
write on the blackboard

Only offer advice if the
students are stumped or do not
know how to proceed

Complete both problems

Announce reading assignment and
drawing homework for next class
(Listed in the Orientation fer
Section 6)

Dismiss class

Irrigation Systems - Instructor’s Guide

Student participation

Class activity

Open forum
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Lesson Plen: Class Session 5

Learning Activities

1.  This activity allows the students to practice sizing pipe. This information is
not included in the Student’s Guide. Instruct your students to take notes.

Drawing:

12° A" . 1
¢ é @ @
4 gpm 4 gpm 4.gpm 4gpm
.
12 3p" 1 1 o A
[ ® ® ®
4.gpm 4gpm 4gpm 4gpm
" B
# F1p 48 E34 #£ D 1" # C1
@ ® ®
4 gpm 4gpm 4gpm 4gpm
Information Known:
48 gpm total flow
SDR 21 PVC pipe is used for the entire section
Each head requires 4 gpm

Minimum operating pressure at the head is 20 psi
Velocity not to exceed S fps

Information Required:

Size the pipe accordingly (and do not exceed 5 fps velocity)

i-"
DU
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Lesson Plan: Class Session 5 l

' Answer:

Section A has a flow rate c¢£48 gpm.

Refer to Table 5a (p. 317) in the Turf Irrigation Manual.
2" SDR 21 PVCwill flow 55.5 gpm at S fps.

1-1/2" SDR 21 PYC will flow 35.4 gpm at 5 {ps.

Therefore, use 2" SDR 21 PVC for Section A.

Section B flows 16 gpm (4 heads X 4 gpm/head)
Refer to Table 5a (p. 317) in the Turf Irrigation Manual.
1" SDR 21 PVC will flow 16.7 gpm at S fps.

Therefore, use 1" SDR 21 PVC for Section B.

Section C flov /s 16 gpm (4 heads X 4 gpm/head)
Refer to Table Sa (p. 317) in the Turf Irrigation Manual.
1" SDR 21 PVC will flow 16.7 gpm at S fps.

Therefore, use 1" SDR 21 PVC for Section C.

. Section D flows 12 gpm (3 heads X 4 gpm/head)
Refer to Table 5a (p. 317) in the Turf Irrigetion Manual.
1" SDR 21 PVC will flow 16.7 gpm at S fps.
3/4" SDR 21 PVC will flow 10.1 gpm at S fps.

Therefore, use 1" SDR 21 PVC for Section D.

Section E flows 8 gpm (2 heads X 4 gpm/head)

Refer to Table 5a (p. 317) in the Turf Irrigation Manual.
3/4" SDR 21 PVC will flow 10.1 gpm at S fps.
Therefore, use 3/4" SDR 21 PVC for Section E.
Section F flows 4 gpm (1 head X 4 gpm/head)

Refer to Table 5a (p. 317) in the Turf Irrigation Manual.
1/2" SDR 21 PVC will flow 5.9 gpm at S fps.

Therefore, use 1/2" SDR 21 PVC for Section F.

b
<
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Lesson Plan: Closs Session 5

This activity allows the students to practice sizing pipe and to calculate

pressure loss. This information is not included in the Student’s Guide,
Instruct your students to take notes.

Drawing:
A
—8— . ® ®
1 W2 1" 4gpm 34 4gpm 1 4gpm
EV B
114"
® ®
34" 4 gpm 12° 4gpm
o]
1 D
') 4gpm
4.gpm 3p Elag o
[ e s
12 12
1
3gpm 3gpm
112"
4gpm 4gpm 4gpm
—. ¢ ” o
4
g 4gpm 4gpm
—®—_ e e —& s @
112
EV B | 1
c D E 2
—@ 8 8 /)
3gpm 34 3gpm 34"  3gpm 12 3gpm
§ 1-12"DCV
CM 1-1,2" Meter
20'of 1-12" Type M
Copper to city water line

)
o) i
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Lesson Plan: Class Session 5

Information Kiiown:

1-1/2" water meter

1-1/2" double check valve

20’ of 1-1/2" Type M copper pipe runs from the city supply line to the
water meter

6 of pipe runs between the water meter and the double check valve
Minimum operating pressure at the head is 20 psi

Static pressure is 65 psi

Keep the velocity around 5 fps

SDR 13.5 PVC pipe is used for the main supply line

SDR 21 PVC pipe is used for the the laterals

Information Required:

Size the pipe and valves accordingly and calculate the pressure loss to
Points 1 and 2.

Answer:
SIZING THE MAIN SUPPLY LINE:

’ Section 1 flows 34 gpm (7 heads X 4 gpm/hd + 2 heads X 3 gpm/hd).
Refer to Table 4a (p. 315) in the Turf Irrigation Manual.
2" SDR 13.5 PVC will flow 49.1 gpm at 5 fps.
1-1/2" SDR 13.5 PVC will flow 31.3 gpm at S fps.
1-1/2" SDR 13.5 PVC will flow 37.5 gpm at 6 fps.

Section 2 flows 32 gpm (5 heads X 4 gpm/hd + 4 heads X 3 gpm/hd).
Refer to Table 4a (p. 315) in the Turf Irrigation Manual.

2" SDR 13.5 PVC will flow 49.1 gpm at 5 fps.

1-1/2" SDR 13.5 PVC will flow 31.3 gpm at 5 fps.

1-1/2" SDR 13.5 PVC will flow 37.5 gpm at 6 fps.

Therefore, use 1-1/2" SOR 13.5 PVC for the main supply line. It is large
enough to supply both Sections 1 and 2.

Reasoning: SDR 13.5 PVC is a relatively strong pipe and will carry 34
gpm at a velocity between 5 and 6 fps. The slight i:crease in velocity over
5 fps will not cause any problems for the system.

o
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Lesson Plan: Class Session 5

SIZING THE LATERAL LINES IN SECTION 1

Section A has a flow rate of 34 gpm (7 heads X 4 gpm/hd + 2 heads X 3
gpm/hd).

Refer to Table 5a (p. 317) in the Turf Irrigation Manual.

1-1/2" SDR 21 PVC will flow 35.4 gpm at 5 fps.

Therefore, use 1-1/2" SDR 21 PVC for Section A.

Section B flows 22 gpm (4 heads X 4 gpm/hd + 2 heads X 3 gpm/hd).
Refer to Table 5a (p. 317) in the Turf Irrigation Manual.

1-1/4" SDR 21 PVC will flow 26.9 gpm at 5 fps.

Therefore, use 1-1/4" SDR 21 PVC for Section B.

Section C flows 14 gpm (4 heads X 2 gpm/hd + 2 heads X 3 gpm/hd).
Refer to Table 5a (p. 317) in the Turf Irrigation Manual.

1" SDR 21 PVC will flow 16.7 gpm at 5 fps.

Therefore, use 1" SDR 21 PVC for Section C.

Section D flows 10 gpm (1 head X 4 gpm/hd + 2 heads X 3 gpm/hd).
Refer to Table Sa (p. 317) in the Qurf Irrigation Manual.

3/4" SDR 21 PVC will flow 10.1 gpm at 5 £ps.

Therefore, use 3/4" SDR 21 PVC {or Section D.

Section E flows 6 gpm (2 heads X 3 gpm/hd).

Refer to Table 5a (p. 317) in the Turf Irigation Manual.

3/4" SDR 21 PVC will flow 10.1 gpm at 5 fps.

1/2" SDR 21 PVC will flow 5.9 gpm at 5 fps.

Therefore, use 3/4" SDR 21 PVC for Section E.

Section F flows 3 gpm (1 head X 3 gpm/hd)

Refer to Table 5a (p. 317) in the Turf Irigation Manual.

1/2" SDR 21 PVC will flow 5.9 gpm at 5 fps.

Therefore, use 1/2" SDR 21 PVC for Section F.
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Lesson Plan: Class Session. 5§

. SIZING THE LATERAL L1.IES IN SECTION 2
Section A has a flow rate of 32 gpm (5 heads X 4 gpm/hd + 4 heads X 3
gpm/hd).
Refer to Table 5a (p. 317) in the Turf Irrigation Manual.
1-1/2" SDR 21 PVC will flow 35.4 gpm at 5 fps.

Tuerefore, use 1-1/2" SDR 21 PVC for Section A.
Section B flows 12 <»m (4 heads X 3 gpm/hd).
Refer to Table 5a {p. 317) in the Turf Irrigation Manual.
1" SDR 21 PVC will flow 16.7 gpm at 5 fps.
Therefore, use 1" SDR 21 PVC for Se.uon B.
Section C flows 9 gpm (3 X 3 gpm/hd).
Refer to Table 5a (p. 317) in the Turf Irrigation Manual.
3/4" SDR 21 PVC will flow 10.1 gpm at S fps.
Thezefore, use 3/4" SDR 21 PVC for Section C.

. Section D flows 6 gpm (2 heads X 3 gpm/hd).
Refer to Table 5a (p. 317) in the Turf Irrigation Manual.
3/4" SDR 21 PVC will flow 10.1 gpm at 5 fps.
1/2" SDR 21 PVC will flow 5.9 gpm at 5 fps.
Therefore, use 3/4" SDR 21 PVC for Section E.
Section E flows 3 gpm (1 head X 3 gpm/hd).
Refer to Table 5a (p. 317) in the Turf Irrigation Manual.
1/2" SDR 21 PVC will flow 5.9 gpm at 5 fps.

Therefore, use 1/2" SDR 21 PVC for Section F.
SELECTING VALVES

1-1/2" electric valves are selected as a resonable practice. 1-1/4" valves
are too uncommon,; 1" valve have considerably more pressure loss.
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Lesson Plan: Class Session 5§

PRESSURE LOSS TO POINT 1

The table and page references in the following chart cite the Turf Irrigation
Manual. For purposes of discussion, assume that the PSI loss for the
double check valve and the electric valve came from the product literature

for those prcducts.
Desc. of Item Size Len. PSI/100° PSI
Inches Feet Loss
Copper pipe, Type M, 1-1/2 20 4.41 (Tab. 11, 882
city main to meter p. 328)
Water meter 1-1/2 - - 6.9
(p.
345)
SDR 13.5, meterto BP  1-1/2 6 2.97 (Tab. 4, 1782
p- 314)
Double check valve 1-1/2 - - 59
SDR 135, BP to 1-1/2 81 2.97 (Tab. 4, 2.406
section valve p. 314)
Electric valve 1-1/2 -- -- 2.4
SDR 21 lateral line A 1-1/2 4 2.20 (Tab. 5, .088
p. 316)
SDR 21 lateral line B 1-1/4 8 1.91 (Tab. 5, 155
p. 316)
SDR 21 lateral line C 1 10 2.63 (Tab. 5, 263
p. 316)
SDR 21 lateral line D 3/4 15 4.77 (Tab. 5, 716
p. 316)
SDR 21 lateral line E 3/4 4 1.86 (Tab. 5, 074
p. 316)
SDR 21 lateral line F 1/2 10 1.90 (Tab. 5, 19
6 Y P- 316)
Total Pressure Loss < 20.15
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Static Pressure
Minimum Sprinkler Operating Pressure
Design Pressure

(pressure loss + min. sprirkler op. pres.)
Actual Head Operating Pressure

(static pressure - pressure 1oss)

b2
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65 psi
20 psi
40.15 psi

44.85 psi
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Lesson Plan: Class Session §

PRESSURE LOSS TO POINT 2

The table and page references in the following chart cite the Turf Irrigation
Manual. For purposes of discussion, assume that the PSI loss for the
double check valve and the electric valve came from the product literature
for those products.

Desc. of Item Size Len. PSI/100° PSI
Inches Feet Loss
Copper pipe, Type M, 1-1/2 20 3.95(Tab. 11, .79
city main to meter p. 328)
Water meter 1-1/2 - - 6.1
(p.
345)
SDR 13.5, meter tc BP  1-1/2 6 2.65 (Tab. 4, 159
p.314)
Double check valve 1-1/2 - - 5.9
SDR 13.5, BP to 1-1/2 25 2.65 (Tab. 4, 6625
section valve p.314)
Electric valve 1-1/2 -- - 22
SDR 21 lateral line A 1-1/2 4 196 (Tab5,p. .0784
316)
SDR 21 lateral line B 1.1/4 11 1.98 (Tab5,p. 2178
316)
SDR 21 lateral line C 1 10 393 (Tab5,p. .393
316)
SDR 21 »teral line D 3/4 10 1.86 (Tab5,p. .186
316)
SDR 21 lateral line E 3/4 10 1.90 (Tab5,p. .190
316)
Total Pressure Loss 16.98
() W
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Static'Pressure
Minimum Sprinkler Operating Pressure
Design Pressure

(pressure loss + min. sprinkler op. pres.)
Actual Head Operating Pressure

(static pressure - pressure 10ss)
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65 psi
20 psi
39.98 psi

48.02 psi
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Lesson Plan: Class Session 5

This page included for duplexing
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When

Lesson Plan

Drip Irrigation

What

Class Session 6 {includes Lab 3 and Drawing 2)

How

Morning

7:45 - 8:00

8:00 - 8:10

8:10 - 8:20

8:20 - 9:00

9:00 - 9:05

9:05 - 9:40

9:40 9:55

Greet students as they arrive

Distribute pretest

Check roll and add names to the
class attendance record

Give an overview of the subject
and lab for today

Discuss the various ways that water,
soils, and plants interact, especially
evapotranspiration

Discuss the formula for
determining the gallons per day
watering requirement for a plant
(Pages 1-8)

Break

Discuss drip irrigation, what it is
and why it works, and the
advantages and disadvantages
(Pages 9 - 16)

Discuss answers to the subject
review and to the pretest
(Pages 17 - 23)

Irrigation Systems - Instructor’s Guide

Walk around the room
and mingle

Written activity

Ask students to
answer as many of the
questions as they can on
their own, then discuss
the answers with the
other students

Lecture

Lecture and student
participation (ciscuss
questions)

Lecture and student
participation (discuss
questions)

Class discussion
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Lesson Plan: Class Session 6

When What

9:55 - 10:00 Break

10:00 - 12:00 Verify that the students understand  Class activity
the purpose of Lab 3 and what they
are supposed to do

Begin the procedure steps for
Lab 3

Noon

12:00 - 1:00 Lunch

Afternoon

1:00 - 2:00 Continue with ti,- procedure steps  Class activity
for Lab 3 (The students should take
breaks on their own, not formally
as a class)

2:00 - 2:55 Discuss Drawing Exercise 2 Class activity

Answer any questions the

students hav:: about how to

proceed with the drawing, or

%uestions remaining about Drawing

xercise 1

If time allows, let the students

get started on Drawing Exercise 2

2:55 - 3:00 Announce reading assigninent and  O~en forum
homework for next class
(Listed in the Orienration for
Section 7)

3:00 Dismiss class

Learning Activity

Laborat y 3 and Drawing Exercise 2 serve as tae learning activities for this class

session. .
6
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Lesson Plan
Class Session: 7

Irrigation Considerations

When What How
Morring
7:45 - 8:00 Greet students as they arrive Walk around the room
and mingle

8:00 - 8:10 Check roll and add names to the Lecture

class attendance record
Give an overview of the

subjzcts for today

8:10 - 8:30 Discuss codes and oqdinances, Lecture and student
landscape design and irrigation, participation (dis- cuss
beautification, and the efficiency of  questions)
water use.
(Pages 1 - 6)

8:30 - 9:00 Complete Learning Activity 1 Student participaiion

9:00 - 9:05 Break

9:05 - 10:30 Introduce your first guest speaker Lecture and student

10:30 - 10:45
10:45 - 12:00

Noon

12:00 - 1:00

Allow the speaker about one
hour to talk, followed by 15
minutes for a question and answer
session

Break

Introduce your second guest
speaker

Allow the speaker about one
hour to talk, followed by 15
minutes for a question and answer
session

Irrigation Systems - Instructor’s Guide

participation (question
and answer session)

Lecture and student
participation (question
and answer session)
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Lesson Ylan: Class Session 7

When What How “
Afternoon
1:00 - 2:20 If you have a third guest speaker, i.ecture and student
introduce that person participation (question

Allow the speaker about one  and answer sessior)
hour to talk, followed by 15
minutes for a question and answer
session
If you do not have a third guest
speaker, discuss Drawing Exercise

Answer any questions the
students have about how to
proceed with the drawing, or
qucstions remaining about Drawing
Exercise 1

Let the students get started on
Drawing Exercise 3

2:20 - 2:30 Break

2:30 - 2:55 Discuss Drawing Exercise 2 Class activity .

Answer any questions the

students have about how to

proceed with the drawing, or

questions remaining about Drawing

Exercise 1
If time allows, let the students

get started on Drawing Exercise 3

2:55-3:00 Announce drawing homework for  Open forum
next class
(Listed in the Orientation for
Section 7)

Dismiss class
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Lesson Plan: Class Session 7

Q Learning Activity \

1.  Divide the students into two groups, Sprinkler Company A and Sprinkler
Company B. Each group is to choose a spokesperson.

Describe this scenario to them:

Mr. and Mrs. Tovar intend to purchase a residential sprinkler system from
your company. The Tovar residence is a new one in a very affluent part of
town, and no laniscaping has yet been added.

Their lot is 85’ by 140°. Most of the backyard slopes gently toward an
ailey. The last 15 feet of the backyard drop off in a very steep slope
toward the alley. The Tovars plan to fence the backyard.

The Tovars are considering large areas of turf grass and very few shrub
beds. They are also considering exotic shrubs that are not native to the
locale.

The Tovars have asked for your advice about landscaping and irrigating,
What advice does your company give them about landscaping? About
irrigating the plants? How do you support your advice? What types of
spriukler heads/drip irrigation do you recommend? What about the steep
slope in the backyard?

Allow the students about 10 minutes to prepare, then ask each group to
explain its advice.
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Lesson Plan: Class Session 7

This page included for duplexing.
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Lesson Plan
Class Session 8

Laboratory 4 and Drawing Exercise 3

What

How

Morning

7:45 - 8:00

8:00 - 8:10

8:10 - 12:00
Ncon
12:00 - 1:00

Greet students as they arrive

Check roll and add names to the
class attendance record

Give an overview of the
subjects for today

Visit various vendors of irrigation
equipment, such a trencher
manufacturers, vibraplow
manufacturers, and plumbing
supply houses

Try to see demonstrations of at
least two different pieces of
equipment

If supervised by and acceptable
to the vendor, allow the students to
operate the equipment

If possible, tour at least one
plumbing/irrigation supply house

If possible, visit at least one job
site where a sprinkler system is
currently being installed. The
system can be residential or
commercial

If any of the students are
employed in the irrigation business,
try to visit one of the systems being
installed by the student’s company

Lunch

Irvigation Systems - Instructor’s Guide

Walk around the room

and mingle

Lecture

Class activity
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Lesson Plan: Class Session 8

VWhen

What

How

Afternoon

1:00 - 2:55

2:55 - 3:00

3:00

LP8-2

Continue working on Drawing
Exercise 3

Answer any questions the
students have about how to
proceed with the drawing, or
questions remaining about Drawing
Exercises 1 and 2

Announce drawing homework for
next class: Drawing Exercise 4

Dismiss class

Class activity

Open forum
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When

Lessc.« Plan
Class Session 9

LI Exam Practice Test - Design

What

Morning

7:45 - 8:00

8:00 - 3:10

8:10 - 12:00

8:10 - 12:00

Noon

12:00 - 1:00

Station yourself outside of the
classroom and greet students as
they arrive

Have the students sign in on a
sign-in log and assign th.m a
number based on the log

Explain what is required of the
students for the practice design

Mention that the design test
has a time limit of 4 hours

Have the students ccmplete the
practice design drawing

Do not allow the students to
converse with one another during
the 4 hours

Have the students turu in their
drawings as soon as they complete
them

Ask the students to leave the
room after turning in their
drawings (and meet back at 1:00

pm)

Grade the exams as they are turned
in

Use the evaluation sheet
provided with the drawings as a
guideline for grading the drawings

Lunch

o
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Act as a proctor

Lecture

Student participation

Instructor’s activity
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Lesson Plan: Class Session 9

When

What

How

1:00 - 2:55

2:55-2:00

3:00

Critique the designs

Have the students exchange
designs with one another and
critique them based on the
evaluation sheet

Spend a few minutes looking at
each student’s design and oiffer
suggestions, answer any questions,
and assign a grade based on your
opinion and on tiie evaluation
sheet

Announce drawing homework for
next class: Drawing Exercise 4

Dism:iss class

Class activity

Open forum
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When

Lesson Plan
Cl- - Session 10

LI Exam Practice Test - Written Part

What

How

Morning

7:45 - 8:00

8:00 - 8:10

8:10 - 12:00

Noon

12:00 - 1:00

Station yourself outside of the
classroom and greet students as
they arrive

Have the students sign in on a
sign-in log and assign them a
number based on the log

Explain what is required of the
students for the practice exam

Mention that the design test
has a time limit of four hours

Have the students complete the
practice exam

Do not aliow the students to
converse with one another during
the 4 hours

Have the students turn in their
exam sections as soon as they
complete them

Ask the students to leave the
room after turning in all of the
exam sections (and meet back at
1:00 pm)

Lunch
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Act as a proctor

Lecture

Student participation
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Lesson Plan: Class Session 10

When

Afternoon

1:00 - 2:30

2:30 - 3:00

3:00

LP10-2

Distribute the exam sections to the
students

Verify that ne student has
his/her own exam

Grade all sections of the
written exam: a grade of 70 or
more is required on each

Discuss the answers to the
written sections

Answer any remaining questions
about Drawing Exercise 4

Thank the class and wish them
success as professional irrigators

Dismiss class

s
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Class activity

Open forum




Audio-visual aid. that
you need to present this
section

Labs or drawing exer-
cisesassociated with this
section

Steps to complete before
teaching this section

1.

2.

Irrigation Systems - Instructor’s Guide

Orientation

Trrigation - Then and Now

Class Session 1

None.

None.

Complete the following steps befoie vou teach this
section:

Readpagesone through eightin the ABC’s of Lawn
Sprinkler Systems.

Read this section completely. Familiarize yourself
with the contents, including the subject review, but
do not try to memorize the information.

Study the lesson plan for classsession 1. Remember
that the times allotted are guidelines, not hard and
fast requirements.

Note: The first class session, this one, involves
some administrative activities that the
other sessions do not. You may wish tu
review the information in the “Using This
Guide” section about administering
classes.

Determine which of the learning activities that you
want to include durir; the class.

1
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Orientation

Reading assignment for
class session 2

3. Irrigation - Then and Now

For you and your students, photocopy the pretest
for the subje~: “Irrigation - Then and Now.” All
pretests are located in the 9x12 envelope. Be sure
to return the master to the envelope.

Sit or lie in a quiet place where you will not be
disturbed. Close your eyes and relax your entire .
body. Breathe deeply several times, using your
diaphragm to inhale and exhale. Mentally picture
yourself with your students, discussing irrigation.
“See” the situation as a sharing of information that
unfolds pleasantly. Imagine the learning processas
being a pleasant and beneficial experience. Hold
that thought for a few minutes, then open your eyes
and resume your daily activities.

At the end of class 1, give the reading assignment
for class session 2:

In the ABC’c:
Pages 1 through 8

In the Student’s Guide:
All of Section 1 and the information on

Water meters and Cross Connection in
Section 4

7
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Overview

Irrigation defined

" Diversion as an early
for q of irrigation

Annotation:
(Discussion Question)
What are some of the
m~dern day uses of di-
verted water?

(To gencrate electricity,
to power machines such
as mills, to c-~ate water
recreation arcus)

Irrigation Systems - Instructor’s Guide

3. Irrigation - Then and Now
S A A

Thissectionintroduces the subject of irrigation and
relates how it has evolved as an integral part of
human existence. Specific to Texas is a discussion
of the Texas Board of Irrigators Act. This section
also discusses irrigation as a profession, the im-
provements in irrigation products, and the vocabu-
lary common to the irrigation business.

We humans have actively changed our surround-
ings since the very beginning. And, since most of
this planetis water, it scands to reason that we have
spentmuch time movingwater fromone location to
another. In fact, the definition of irrigation is “to
supply with water.”

Irrigation dates back as far as we have recorded
history. Pcople from all ages and in all parts of the
world have always manipulated water to keep
themselves, livestock, ard vegetation alive.

One of the earliest forms of irrigation was diver-
sion. Humans would sometimeswaui i change the
direction of a natural sourze of running water, such
asariver orstream. They may have wanted tobring
water closer to t..eir habitat, or to get the water
away from something that they wanted to protect.
In either case, they needed to di~ert the water.

Today, we are surrounded by many types of water
diversion. Canals, levies, and dams are obvious
ones. But even the curb on a street serves to divert
water. Diverting water is so ccmmonplace that we
seldom stop to consider the places where irrigation
got started.

0]
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Early examples of irriga-
tion

Euphrates Whee!

Roman aqueducts

3. Irrigation - Then and Now

One very ea.1y example of irrigation comes from
the area that we now call the Middle East, in a
region low along the borders between Iraq and
Iran. That area was once referred to largely as
Persia. It is there that the Tigris and Euphrates
Riversmerge to formthe Shatt al-Arab, a place that
some believe to be the location of the Garden of
Eden.

Because the Shatt al-Arab runs through low marsh-
lands, inhabitants in that area had to change the
level, the vertical height, of the water to reach their
crops. They needed to irrigate date groves.

Over time, the inhabitants created something
called the Euphrates Wheel. It was ¢ mechanical
device powered by an ox, donkey, or even a person.
The muscle power would turn a wheel which had a
series of buckets on it. The buckets would fill with
water and, as the wheel rotated and the buckets
were turned upside down, would empty into a
canal. The canal was slightly higher that the level
of the river and would carry the water to the date
groves.

The Euphrates Wheel operates basically like a
booster pump to lift water from one level to an-
other. It offers a cheap, fairly effi~iently way to
provide irrigation water and is still used today.

Several thousand miles northwest of the Shatt al-
Arab lived ai.other ancient people who devoted
much effort to diverting water. The Romans built
a lavish network of aqueducts, sections of which
still remain.

Some of the aqueducts had rock walls that con-

tained fluid chambers. The chambers had a meas-
urable drop so that water would flow through them

8.
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2 Irrigation - Then and Now

Windmills

Annotation:
(Piscussion Question)

What material do you
think that the Nether-
landers used for the
windmill bellows and
diaphragms?

(Leather)

Irrigation Systems - Instructor’s Guide

gracually under its own hydrostatic pressurs. The
ancient Roman architects were ingenious enough
to build some of the walls without mortar, yet the
chambers have survived for thousands of years.

In an arez of Europe stil! further noithwest, the
inhabitants wanted to divert water for a diff ‘rent
reason. The Netherlands had long been plagued
* ‘th tidal influxes that would flood much or their
iand. Their need was to remove water to make
arable fields.

The Netherlanders created wind driven pump. .n
the form of windmills, They used thc windmills to
drain the land, and built earthen dikes to keep the
vater from flowing in again. The combination of
windmills and dikes worked successfully and inuch
of the Netherlands is now arable. You have proba-
bly seen photographs of the beautiful tulip fields in
the Netherlands. Tidal waters once flooded most
of those fields

o
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Irrigation in Texas

An old friend revisited

Annotation:
(Humorous Anecdote)

A couple traveling
across the country
stopped for gus at a
remote service station in
west Texas.

They 1.0ticed three wir.d-
mill derricks clustered
beside the station. One
still functiored as a
wind-mill; nothing re-
mained of the other two
except the derrick.

When they inquired
about this to the old-
timer who ran the sta-
tion, he replied, “Yep, we
used to have three wind-
mills, b.t we had to take
two of ‘em down. There
was only enough wind for
one.”

3. Irrigation - Then and Now

Let us move into more recent times. In Texas, for
example, the practice of irrigation is fairly recent,
at least historically speaking. Around 1890 and
eariy 1900, it became important for us to use seme
of ourwater resourcer onvegetation. Priorto that,
any farming was done in locations with ample
rainfall or in alluvial soils near waterways.

But we began to populate the state and push out
into areas where water was not so easily had for
raising vegetation or for drinking. Once again,
humans had the need to divert water. We adapted
an idea that was already being used in Europe, in
places like the Netherlands--using the wind to
divert water.

Daniel Halladay introduced the wind pump to the
United Statesin 1854. And even though the device
pumpedwater, it came to be knownas the windmil:.
In 1883, Stewart Perry started building windmills
out of steel. They were not very efficient, but they
were durable, reliable, and inexpensive to operate.
The windmill helped wet the West.

But evenas the popularity of the windmill reached
its peak across Texas, another device in New York
City was capturing the imagination of the country.
The first public power station went into operation
in September of 1882, producing direct curreat
electricity. Within a few years, scientists were
demonstrating the usefulness of alternating cur-
rent. Trouble was, they needed some way to
generate it on a large scale. They needed some-
thing like . . . like water falling from a reservoir.
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3. Irrigation - Then and Now

Power to make power

Buchanan Dam

From crops to lawns

EMC Irrigation Systems - Instructo. Guide

And ¢ ) it was that once again humans diverted
water for their needs. People quickly realized that
reservoirs could provide more than just a means to
generate electricity. They could also provide irri-
gation water. The race tc build reservoirs was on,
and Texas was among the racers.

Texas, like most states, has an extensive system of
dams that was begun years ago. For instance, early
in the 1930’s, during the Great Depression,
Buchanan Dam was built on the Colorado River.
The Colorado would fluctuate from flood to
drought, either ruining crop land or faili.g to
supply sufficient water.

Since 1930, there have been over eight major
wvammings on the Colorado River alone (and the
creation of cight major lakes). Not all of the dams
in the state are for irrigation. But many, particu-
larly the smaller dams, do provide water for irriga-
tion.

Formanyyears, irrigation in Texas was used strictly
foragriculiure. We developed various ways during
those years to irrigate crops, such as ct.ater pivot
irrigation, furrow irrigation, and surge irrigation.

During iheyears 1935to 1950, Texans did very little
watering of plarts for beautification. Residential
irrigation was a practice for only the very wealthy.
Think how times have changed!

We have developed here in Texas a love for the
growing c. plants. We spend millions of doll - to
develop programs for irrigating crops. Many . che
cropsare cash crops, not food crops. Inaddition, we
spend treinendous sums on irrigation just for beau-
tification, which has nothing to do with the food
chain at all.




TP{ Act and other laws

Sunset Law

3. Irrigation - Then and Now

Currently, 10% to 15% of all the buildings built in
Texas provide for the watering of turf g-asses and
beddingplants for beautification. The percentages
refer to residential and light commercial irrigation.

This involves a tremendous amount of mowey. The
wotal do-it-yourself sprinklcr business in Texas--
everything from hose bibs to garden hoses to
complete sprinkler systems -- is in the millions of
dollars in annual sales.

Irrigation has become a big industry that impacts
many people. And, 2sisusually the case under such
situations, a regulitory body arises to _.dress the
situation. And sc it was for Texas.

The Texas legislature passed the Texas Board of
Irrigators (TBI) Act in 1979 and created the T _xas
Board of Irrigators. The express purpose of the
Board 1 to bring some accountability to the in-
stallers of sprinkler systems. The TBI Act ad-
dressesonlyresident! andlight commercialsprin-
kler systems, not agricaltural irrigation.

The legislators saw a rapidly evolving industry that
needed regulatory control. The consuming public
needed some assurance that he installers of sprin-
kler systems had certain knowledge before tamper-
ing with potable water supplies.

The TBI Actisincluded as Appendix A ofthisbook.
Appendix B contains the TBI permanent rules.

In Texas, legislative acts that creat. commissions,
committees, or any other bureaucratic entity have
to be reviewed from time to time to determine the
validity of the act. The law that requires this is the
Sunset Law. The TBI Act, for e~ample, is sched-
uled for its review in 1991.

&
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3. Irr{_ation - Then and Now

How the TBI Act affects
you

Annotation:
(Reading,
Reminder)

Discussion,

Turn to Appendices A

and B and discuss the

TBI Actas a group activ-

ity.

Be sure to point out the
Q foliowing information:

Provision 427.1
Local regulation
Provision 431.4
Advertisenient
Section 12
Penalty: injunction
Section 13
Enforcement of act
Section 16
Sunset prevision

Irrigation Systems - Instructor’s Guide

1.-e Texas Board of Irrigatorsis a funded operztion
and charges a fee for licensure as well as an annual
renewal fee. Over 4,000 persons have taken the
ficensure examination.

The TBi Act directly affects you. The Act requires
that anyone who “selis, designs, consults. installs,
maintains, aiters, repairs, ot services” an irrigation
system must be a Licensed Irrigator, or must work
under the dirzctsupervision of a person who meets
those qualifications.

The Texas Board £ Irrigators, however, does nct
have infinite control over the irrigation business. A
number of installers practice illegally in our state.
You maywonder, “What does it mattey whether or
not I'm licensed?” To answer that, let us first taik
about laws in general.

The reason we have laws is to protect the commu-
nity at large. For example, we have laws governing
fair trade practices so that you are legally obligated
to tell the truth i“ you are trying to sell something.
In addition, we have truth in lending #.*s so that if
you borrowmeney and pay interest onit, the lender
must tell you what the total financial burden of the
loan will be.

So it is with the TBI Act: we must protect the
potable water supply, the drinking water, for the
community at large. The simple fact is that we
cannot live without water.

0.9)
<
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Ethics and irrigation

Annotation:
(Discussion Question)

What does ethics mean
to you?

Improving public opin-
ion

Annotation:
(Discussion Question)

What are some other
ways in which irrie~*ors
canim:prove public opin-
ion?

3. Irrigation - Then and Now

Complying with the law is one reason for becoming
a Licensed Irrigator. But there 2re other reasons,
ethical reasons, that perhaps are egaally s impor-
tant. As a profescional irrigator, you are respon-
sible for protecting our potable water supply and
for treatag the consun.. s fairly.

In order forus to have any longevity of our industry
andtoincrease the popularity ofirrigatior, we must
do business with this sort of responsibility in mind.
1+ seems that few groups in the business world have
a worse reputation than installers of sprinkler sys-
tems. One example may be the used car salesper-
sonina bright pleid jacket. Andin some cases, even
that person appears more trustworthy than an
irrigator.

As irrig ators, we must realize that much of the
public views us as irresponsible liars, wthout pro-
fessionalism, and ignorant of the technologies in-
volved in our own business. We often appear to be
just aslikely to sell them a system thatwill not work
andwill violate alaw, as we are tosell thema system
thac will be effective, efficient, and serve their
needs. And all too often, the public is right!

How can you help improve the public’s opi~ion of
irrigators? First of all, consider yourself a piofes-
sional irrigator, not just “sorn¢. person who installs
sprinkler systems.” Consider yourself belonging to
aprofession that demonstrates responsible, ethical
practices.

As a united group, we must comply with local
ordinances and regulations as well as with the TBI
Act. Further, we must support efforts to conserve
water, efforts aimed at preventing the predicted
four-fold increase in ine cost of water by the year

~

e
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3. Irrigation - Then anC Now

Watering - Then and
Now

Annotation:
(Discussion Question)

When is your earliest
remembrarce of an ua-
derground sprinkler
system? Where was it?

Irrigation Systems - Instructor’s Guide

2000. Our compliance and conservation efforts will
help show that we are a profession to be trusted
rather than doubted.

Residential Irrigation systems have become more
and more cc amonplace over the years. But it was
not always so. For example, if you wanted to water
your lawn during the 1930’s, you probably had a
fairly archaic variety of hose and some sort of
sprirtd r attached to the end of it. During the
1940’:--if rou were wealthy--you mav have had an
underground sprinkler system made of galvanized
pipe and copper tubing. Such systems were not
highly efficiert and required somebody to manu-
allv open and close valves.

By the 1950’s, the push was on in California, Flor-
ida, and even parts of Texas, for the luxury >f an
automatic sprinkler system. Automatic timers
were available, aswell as materials that madc such
systems fairly efficient. Notjust the wealthy wanted
sprinkler systems, but the middle classbegan to see
them as valuable additions to a property.

The 1960’s brought many changes to our country,
including an increase in residential irrigation and
beautification. Sprinkler systems became incrzas-
ingly common, particularly along the West Coast.
Sprinkler systerns continued their popuiarity
throughout the 1970’s as well.

By now, the late 1980’s, many homeowners are
familiar with sprinkler svstems as a necessary part
of a residential oroperty. The concept of how to
water a lawn has evolved from hoses and hose-end
products, to underground, automauc sprinkler
systems.

3-9
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Underground sprinkler
systems

Sprinkler products and
methods improve

Annotation:
(Discussion Qucstion)

What is the most un-
usual hose-end sprin-
kler that you have ever
seen?

3. Irrigatiow - Then and Now

Underground sprinklers began with fixed orifice
nozzles buried in the ground. The nozzles were
usually heavy brass and very expensive. Today,
underground sprinklers have evolved from being
made of brass, bronze, and copper, to thermoplas-
tics such as PVC, ABS, and polyethylene (PE).
These synthetic mzterials are less expensive than
metal, easier to work with, less corrosive, and more
durable.

Sprinkler systems have progressed from having
spray heads with a fixed nozzle orifice to spray
heads with an adjr<table nozzle orifice to various
types of sprinklers that throw a long stream. Some
heads are gear driven; others even make a square
pattern. The principles of mechanical engineering
arevery much a part of modern irrigation products.

The evolution of the products themselves is also
interesting. Hose-end products began as fixed
nozzle, or fixed orifice, attachments that scattered
waterfrom the end of a:ose. You had to manually
open a valve at the house to get water to the hose-
end attachment, aid you had to move the attach-
ment to distribute water over a large area.

People got tired moving the attachments, which
opened the door to another product: the walking
sprinkler. This mechanism is a moving sprinkler,
usually shaped like a tractor, that drags the hose
with it. Arnis on top of the tractor rotate and
distribute water. Water-nowered gears propel the
sprinkler.

Other products that evolved wers mechanical
valves designed to operate with moving sprinklers
and shut off the water to the sprinkler. Spring
powered timers used to control wat( ring intervals
also wppeared on the market.

oo~
3.J
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3. Irrigation - Then and Now

Demand for better prod- The products have evolved because of a demand

ucts for better products. The consumer of the ‘80’s, for
example, spends a great deal of money and re-
search on anything concerning home improve-
ment.

For example, central air conditioning, insulation,
and carpeting were luxury items in the ‘50’s. Such
items began to be a fashion in the ‘60’s, and a
requirement in the “70’s. They have become com-
monplace in the ‘80’s. The point of ali this is that
most consumers with whom you will deal under-
stand much about the technologies available today.

Q Irrigation Systems - Inotructor’s Guide 3-11




Learning aids:

Glossary

Subject review

Annotation:
(Readiny, Discussion,
Reminder)

Turn io the glossazy at
the back of the book.

Be sure to discuss the
following terms:

Anti-siphon device
Backflow prevention
device
Distribution rate
Double check valve
Percolation
Precipitation rate

3. Irrigation - Then and Now

Consumers have read enough, and seen enough, to
be knowledgeable about many subjects. Not just
products evolve, so does the knowledge leve! of the
public. One of your challenges as a professional
irrigator is to be knowledgeable about irrigation
products and practices. A. good place to begin your
understandingis with the glossary atthe back of this
book.

After you explore the glossary, complete the suu-
ject review for this section.

91
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3. Irrigation - Then and Now Subject Review

Subject Re"“ew

Irrigation - Then and Now

True or False

In the answer column, mark the following statements “T” for true or “F” for false. Yhe
whole statement is false if any part of it is false.

Then, after the questions are discussed in class, place an “X” through an incorrect
answer and write the correct answer in the answer column. That way, you will know the

correct answers if you later review this information.

Statement Answel

1. Many methods of irrigation have been empioyed False. (page 4)
in Texas since 1860.

. The process of product evolution has had little False. (page 11)
effect 0a consumers of sprinkier materials.

3. Less than 25% of the homes and buildings in True. (page 6)
Texas have sprinklers.

4. Inareas where no local regulations are in force, False. (Appendix A, provi-
the irrigator may use his or her favorite method sion 427.4)

to prevent backflow.
5. Watercosts are predicied to decrease by the year False. (page 8)
2000 because of continued efforts in education

and conservation.

6. “T.B.L.” stands for Texas Board of Irrigatcrs. True. (page 6)

G-
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Subject Review 3. Irrigation - Then and Now

Statement Answer
7. An anti-siphon device is also called a vacuum True. (Glossary, anti-siphon
breaker. device)
8. Diversion was one of the earliest forms of False. (page 1)

irrigation, but is no longer used today.

'q‘j
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Orientation

(Controlling Water Flow

Section 4 covers two
class sessions

Irrigation Systems - Instructor’s Guide

Two class sessions are required to cover the infor-

mation in Section 4:

Water meters, cros.
ccnnection, and
backflow prevention
Laboratory |

Valves

Controllers and
electrical wiring

— Class 2

— Section 4

— Class 3

This orientation discusses each class session sepa-
rately, beginning on the next page.

02/3-1




Orientation

Audio-visual aids that
you need to present class
session 2

Labs v drawing exer-
cises ussociated with
class session 2

Steps to complete before
teaching class session 2

1.

wle

4. Controlling Watecr Flow

Class Session 2

None.

Laboratory 1

Complete the following steps before you teach
class session 2:

Read the part of this sectivn that deals with water
meters and cross connection. Notice that two
publications in the appendix are required reading
to supplement the infor . ‘ion.

Read the description for Laboratory 1. It is in the
tabbed section “Labs and Exercises.”

Determine exactly what Labora’ory linvolves. For
example, you may plan to hold the lab in a different
location than the regular class. If so, you may need
to contact your college representative and verify
that the different location is available.

Make sure that you have all of the required mate-
riz2ls prior to the lab. Again, you may need to
contact your college representative to verify the
location of the materials.

Studythe lesson planfor classsession2. Remember
that the times alloited are guidelires only.

ol.;xj
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4. Controlling Water Flow

Teading assignment for
class session 3

Irrigetion Systems - Instructor’s Guide

Orientution

Deterriine which of the learning activities that you
want to include during the class.

For you and vour students, photocopy the preiest
for the subject “Water Meters, Cross Connection,
and BackflowPrevention.” All pretestsare located
in the 9x12 enveloj. 2. Be sure to return the master
to the envelope.

Sit or lie in a guiet place « :ere you will not be
disturbed. Close your eyes and relax your entire
body. Breathe deeply several times, using your
diaphragm to inhale and exhale. Mentally picture
yourself wish your students, discussing irrigation.
“See” thesituation as a sharing of information that
unfolds pleasantly. Imagine the learning process as
being a pleasant and benefici ! experience. Hold
that though’ for a few minutes, then open your eyes
and resume your daily activities.

AttheendofLab 1, give the. .ading assignment for
class session 3:

Inthe __sCs:
Pages 29 through 59.

In the Student’s Guide:
The information on valves and
controllers in Section 4

(. N
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Orientation

Audio-visual aids that
you need to present class
session 3

Labs or drawing exer-
cises associated with
class session 3

Steps to complete bafore
teaching class session 3

4. Controlling Water Flow

Class Session 3

Sample controllers.

None.

Complete the following steps before you teach
class session 3:

Read pages 29 through 59 in the ABC’s of Lawn
Sprinkler Systems.

Read the part of this section that deals with valves
and controllers.

Study the lesson plan for class session 3. Remem-
ber that the times allotted are guidelines only.

Determine which of the learning activities that you
wapt to include during the class.

For you and your students, photocopy the pretest
for the subject “Valves, Controllers, and Electrical
Wiring.” All pretests are located in the 9x12
envelope. Be sure to return the master to the
envelope.

ap)
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4. Controlling Water Flow Orientation

6. Sit or lie in a quiet place where you will not be
disturbed. Close your eyes and relax your entire
body. Breathe deeply several times, using your
diaphragm to inhale and exhale. Mentally picture
yourself with your students, discu. sing irrigation.
Imagine tke learning process as being a pleasant
and beneficial experience. Hold that thought fora
few minutes, then open your eyes and resume your
daily activities.

Reading assignment for Atthe end of the class, give the reading assignment
class session 4 for class session 4:

In the ABC’s:
Pages 10 through 28
Pages 60 through 74.
Pages 124 through 129

In the Student’s Guide:
All of Section 5
The information on the basics of
hydraulics in Section 6
The discussion for Laboratory 2.

-y
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4, Controlling Water Flow

Section overview

Water Meters

Water meter defined

Annotation:
(Discussion Question)

How many different
sizes of water meters
have you seen in this
locale?

Irrigation Systems - Instructor’s Guide

This section discusses the common ways in which
the flow of water is controlled to and through
sprinkler systems. The first area of discussion
involves water meters, cross connection, and the
importance of backflow prevention. Also pre-
sented inthis sectionisanexplanation of valves and
controllers.

and Cross Connection

Awater meter isa device that registers the amount
of water, typically in gallons, used by a residence or
business. Municipalities install and own the me-
ters. A property can have more than one meter if
the property owner so desires. This allows a sprin-
kler system io be or its own meter, for instance.

Water meters are measured in inches. This is the
size of the orifice through which the water passes.
The most common meter sizes are 5/8, 3/4, 1,

1-1/2. 2,and 3. Althoughwater meters come in dif-
ferent sizes, you will often find the same size within
aneighborhood or locale. For instance, the meters
ir. one neighborhood may all be 5/8 inch. In
another neighborhood they may all be 3/4 inch.

+0J




Water Meters and Cross Connection

Pressure loss and flow
rate

Static pressure and
working pressure

4. Controlling Water Flow

You will need to know the size of the water meter
toinstall a sprinkler system because of two reasons:
pressure loss and flow rate.

The meter reduces the pressure of the water. This
reduction, caused by friction, is called pressure loss
or pressure drop. The subject of pressure loss is
explained later in the course. For now, just
rememberthat the smallerthe size of the meter, the
greater the amount of pressure loss.

The pressure loss, in turn, affects the flow rate of
the wa.er. The flowrate is measured in gallons per
minute. Water meters are rated as to their flow
capacity. That is, tne rating tells how many gallons
of water can pass through the meter in 1 minute at
a given water pressure. For example, with a water
pressure of 60 pounds per square inch (psi),a 1inch
water meter is rated at 30 gallons per minute. At
thes same water pressure, a 3/4 inch meter is rated
at 22 gallons per minute.

When discussing water pressure, irrigators distin-
guish between static pressure and working pres-
sure. The pressure of water when it is not moving
is called static pressure. The pressure of water
when it is moving is called working pressure. Static
pressure and working pressure are also discussed
later in the course.

If the working pressure is too low for a sprinkler
system to operate correctly, the only solution may
bealargerwater meter. The property owner would
have to contact the city water department to have
a larger meter installed.

Irrigation Systems - Instructor’s Guide




4, Controlling Water Flow

Locations of meters

Annotation:
(Discussion Question)

Where are water meters

usually located in this
locale?

Irrigation Systems - Instructor’s Guide

Water Meters and Cross Connection

Water meters are not located in any one specific
place. They may be on the front side of a property.
on the backside, or even in a basement. Usuaiiy,
they are located fairly close to the main water line.
The onesthat are buried are protected by some sort
of box that commonly has a lid.

A sprinkler system is connected to the water supply
at some point between the meter and the house or
business. This point is often at the water meter
because the supply line is most easily found there.
The water supplied to houses and businesses is
potable, meaning that it is suitable to drink.
When you install a sprinkler system, you connect
it to the potable water supply. Any connection
made to a potable water supply is called a cross
connection.

feen &
g
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Water Meters and Cross Connection

Cross connection de-
fined

Backflow

Annotation:
(Discu’ ~*n Question)

How many different
types of backflow pre-
vention devices have you
seen? What are some of
the problems you have
encountered with the
different types?

4. Controlling Water Flow

In Texas, cross connection is closely regulated by
city ordinances and even by state law. To legally
make a cross connection in Texas, you must be a
licensed professional engineer, alicensed plurnber,
alicensed irrigator, or a licensed installer of irriga-
tion systems. A homeowner also may legally make
a cross connection cn his or her own property.
Hnwever, the homeowner must obtain a permit to
make the cross connection.

‘Why all the fuss over cross connection? Without
proper safeguards, a cross connection could allow
hazardous materiais to enter the supply of drinking
water. A condition such as that, fluids flowing
backward, is called backflow.

In the appendix of this book is a publication from
the Febco Company titled Cross Connection
Handbook, and one from the Watts Regulator
Company titled 50 Cross Connection Questions,
Answers, and Illustrations. Please turn to the
appendix and entirely read both of those publica-
tions. Theywill greatly help your understanding of
cross connection and backflow.

After you finish reading the publications, return to
thissectionand continue with the subject review on
water meters, cross connection, and backflow pre-
vention,

10,
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4, Controlling Water Flow Subject Review

Subject Review

Water Meters, Cross Connection, and Backflow Prevention

Fill In The Blank
Supply the word or words in the answer column to complete the following statements.
Then, after the questions are discussed in class, place an “X” through each incorrect

answer and write the correct answer in the answer column. That way, you will know the
correct answers if you later review this information.

Statement Answer

1. Any connection made to a potable water supply Cross connection. (Febco,

is called a . K2ge2)
. 2. Backpressure occurs if the pressureina Downstream. (Febco, page

line exceeds the pressure in the supply line. 2)

3. A device that can be attached to a hose bibb to Vacuum breaker. (Watts,
prevent backflow is called a hose bibb page 3)

4. Anatmospherictype vacuum breaker be Cannot. (Febco, page 7)

used under continuous pressure.

5. space can be used to separate a potable Air. (Febco, page 7)
water supply from a nonpotable water supply.

6. A pressure type vacuum breaker must be in- Above. (Watts, page 8)
stalled the usage point.
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Subject Review 4. Controlling Water Flow

Statement Answer

7. Impaired water that is not an actual hazard to Pelluted. (Febco, page 7)
the public health is said to be

8. Water that is an actual hazard to the public Contaminated. (Febco, page
health is said to be . 7)
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4. Controlling Water Flow Subject Review

True or False

In the answer column, mark the following statements “T” for true or “F” for false. The
whole statement is false if any part of it is false.

Then, after the questions are discussed in class, place an “X” through an incorrect

answer and write the correct answer in the answer column. That way, you will know the
correct answers if you later review this information.

Statement Answer

1. The main supply line from a residential water False. (Page1)
meter to the house is usually a 1" diameter pipe.

2. The two forms of backflow are backsiphonage True. (Febco, page 2)
and backpressure.
3. The most common form of cross connection is True. (Watts, page 2)
the ordinary water hose.
4. Ananti-siphonvacuum breaker protects against False. (Watts, page 4)
backpressure backflow. -
S. Inresidential areas that have alleys, the water False. (Page 3)

meters are always located beside the alleys.

6. Depending on local codes, an atmospheric type True. (Watts, page 4)
vacuum breaker can be used on lawn sprinkler
systems.

7. Astrainer or filter will help protect a backflow True. Watts, page 10.

preventer from clogging.

8. The “size” of a water meter refers to the volume False. (Page1)
of water that can pass through it.

[
~
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Subject Review

Multiple Choice

4. Controlling Water Flow

Circle the letter of the choice that best completes the statement.

Then, after the questions are discussed in class, write the letter of the correct answerin
the answer column. That way, you will know the correct answers if you later review this

information.

Statement

Answer

1. A common example of backsiphonage is

A. Draining water from an ice chest through
the drain cock

Forcing pressurized water through a
sorinkler head

The way in which a drip coffee maker
discharges water

The way in which a gasoline pump dis
charges gasoline

None of the above

m m U W

2. One way to help protect a backflow preventer
from leaking is

. Toreduce the water pressure to the system
To reduce the number of heads in the
system

To install the backflow preventer higher
than the supply line

Both Aand B

Both Cand D

mmoQ Wy

C. Drinking aliquid through
a straw. (Fehco, page 2)

D. To install a strainer or
filter on the upstream side of
the preventer. (Watts, page
11)
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4. Controlling Water Flow

~

Statement

3. Leakage from a backflow preventer is nor-
mally caused by

MmO Wy

Too much water pressure

Too many heads for the backflow preventer
The “O’Hearn effect” of siphonage com-
bined with reverse osmosis

BothAarlB

Both Cand D

4. The ways to protect potable water from & cross
connection include

A.

B.

m 9 0

Fluid gaps, osmosis flow preventers, uni-
flow valves

Air gaps, double chamber guards, siphon
modulators

Double check valves, reduced pressure
backflow preventers

Air gaps, atmospheric vacuum breakers,
pressure type vacuum breakers

Both A and B

5. A pressure vacuum breaker must be installed

A.
B.
C.
D.
F.

4 inches above the highest outlet
6 inches above the highest outlet
§ inches above the highest outlet
10 inches above the highest outlet
None of the above

Irrigation Systems - Instructor’s Guide

Subject Review

Answer

~

D. Foreign matter ladged on
the seating area of the
valve(s). (Watts, page 11)

F. Both C and D. (Febco,
page 7)

E. 12 inches above the high-
est outlet. (Febco, page 10)
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Subject Review

Statement

4. Controlling Water Flow

Answer

6. Some states require that

Only atmospheric vacuum breakers be
tested once a year

Only pressure vacuum breakers be tested
once a year

. Only reduced pressure principle devices be
tested once a year

BothBandC

None of the above

om O Q"

7. Continuous pressure means that pressure is
being supplied to a backflcw prevention device

A. All of the time

B. For more than S0 minutes each hour
C. For periods over 18 hours at a time
D. For periods over 15 hours at a time
F. None of the above

8. If you install an atmospheric type vacuum
breaker, it must go on the side of the
last control valve.

A. Supply

C. Left

D. Right

E. Water meter

F. None of the above

A. All types of backflow pre-
vention devices be tested
once a year. (Febco, page 7)

E. For periods over 12 hours
at a time, (Watis, page 4)

B. Discharge. (Watts, page
8)

i
—
~?
~
.
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4. Controlling Water Flow

Valve defined

Annotation:
(Discussion Question)

What is the most un-

usual type of vaive that
you have every seen?

Valve operation

Vaives

Valves

In irrigation, a valve is a device that controls the
flow of water. Valves are manufactured today ina
variety of plastics and metals. Valves, just like pipe,
need to be correctlysized because a certain amount
of pressure loss occurs ateachvalve. Youwilllearn
more about this in Section 6, Layout and Design.

Aside from their maierial, valves may be discussed
several ways: by how they operate, such as manual
or automatic; by their configuration, such as ball or
gate; or by their purpose, such as drain or anti-
siphon.

A “manual” valve is one that requires a human to
manually open or close the valve. An “automatic”
valve is one that can open or close without human
interaction. Automatic valves operate by ¢’ther
electricity or hydraulics, or a combination of the
two.

Actually, some valves also use gravity to help them
operate, such as the gravity ball-type drain valve or
the gravity-type check.valve. But to keep from over
complicating the discussion, we will classify auto-
matic operation as either electric or hydraulic.
Figure 4-1 classifies valves by how they operation.

Valve Operation

r

Manual

Irrigation Systems - Instructor’s Guide

Automatic

I |
Electric Hydraulic

Figure 4-1. Valves Classified By How They Operate
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Valves

Manual valves

4. Controlling Water Flow

The types of valves vary depending on whether or
not they are manual or «atomatic. Let us look first
at the types of manual valves, as shown in Figure

1
Ball

4-2.
Manual Valves
4
Gate Globe
b 1 b i
Rising Non-rising  Angle Straight-
Stem Stem through

Figure 4-2. Types of Manually Operated Valves

Cate valves and globe valves are discussed in the
ABC’s of Sprinkler Systems.

A manual ball valve contains a ball on the inside
that is connected to a handle on the outside. The
ball contains a hole through its center. When you
turn the handle to align it with the direction of
water flow, water passes through the hole in the
ball. When you turn the handle at a right angle to
the flow, water cannot pass.

i
s
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4. Controlling Water Flow Valves

. Electric valves Figure 4-3 show the types of electrically operated
automatic valves.

Electric Valves

Diaphragm Piston Thermal
motor
] |
Straight- Globe
through

Figure 4-3. Types of Electrically Operated Valves

Diaphragm globe valves, piston valves, and ther-
mal motor valves are discussed in the ABC'’s of
Sprinkler Systems.

. The straight-through diaphragm valve functions
much the same as the globe-type diaphragm valve.

In the st.aight-through valve, however, the dia-

phragm raises out of the flow passage and allows

the water to flow straight through. With the valve

open, you can look through the flow passage. With

a globe-type valve, even with it open, you cannot

see through it hecause of a baffle in the flow

passage.
Operating current Most electric valves today operate on 24 volt AC
current. In the past, valves requiring 110 volt AC
Annotation: current were used, but such valves are not com-

(Discussion Question) monly used any more.

Have any of you every
dealt with 110 volt AC
valves? Where and how
s0?

-y

)
£+

.
oY
w
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Valves 4. Controlling Water Flow

Hydranlic vaives Hydraulically operated valves were once quite
common. Today, electrically operated valves have

Annotation: superseded them as the most commoniy usedvalve.

(Diseu ,sion Question) Figure 4-4 shows the types of hydraulically oper-
ated valves.

ave any of you every
dealt with hydraulic
valves? Where and how
so?

Hydraulic Valves

l
I 1
Diaphragm Piston

——

Straight- Angle
through

Figure 4-4. Types of Hydraulically Operated Valves
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4. Controlling Water Flow Valves

Additional types of Inaddition to the types of valves already discussed,

valves you will also deal with other types that are often
used in the irrigation business. Figure 4-5 lists the
most common of these.

Additional Types of Valves
Common In Irrigation

| { | !
Anti-siphon Check Drain Quick-coupling

l_l—l f ! | |

Atmospheric Pressure Gravity Spring- rinnger
vacuum vacuum ball loaded
breaker breaker ball

| i 1 I ]
Ball Dart Piston Swing Double Check
I

i
Spring Gravity

Figure 4-5. Additional Types of Valves Common In Irrigation

Notice that anti-siphon valves and drain valves
indicate the fu~ction they perform. That is, anti-
siphon valves prevent backflow and drain valves
allow the water o drain from a sprinkler system.

Most of the valveslisted in Figure 4-5 are explained
in the ABC’s of Sprinkler Systems. Discussed
below are the ones that are rot.

~en

o
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Valves

4. Controlling Water Flow

The five types of check valves all work similarly to
the swing check valve, which is explained in the
ABC’s. The name of the valve indicates the type of
“clapper”used: aball,a dart,a piston, or aswinging
disk. The purpose of the clapper is tc prevent water
from flowing backward into the supply line.

The double check valve is discussed in the Cross
Connection Control Handbook in the appendix of
this book

The gravity ball drain valve functions much the
same as the spring-loaded ball type. Instead of
using a spring, however, the ball is moved away
from the drain port by gravity. When the valve fills
with water, the flow out of the drain port causes the
ball toseatitself onthe portand to shut offthe flow.

-

U
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4. Controlling Water Flow

Referringto avalve by its
purpose

Annotation:
(Discussion Question)

How many valves does a
typical residential sys-
tem need?

(Impossible to tell--each
system is unique and
must be design accord-

ingly)

Placing valves

Advantages of a mani-
fold

Annotation:
(Discussion Question)

How many of you have
ever used a manifold to
centrally locate valves?
What were the advan-
tages and disadvantages
from an instaliation
standpoint?

Irrigation Systems - Instructor’s Guide

Valves

The purpose that a valve serves in a sprinkler
system is often how you will refer to them. For
example, we commonly talk about master valves,
circuit valves, flow control valves, drain valves, and
backflow prevention valves.

You already know about the purpose of drain
valves and backflow prevention valves. The pur-
pose of a master valve is just what you would
expect--itcontrols water flowto the entire sprinkler
system. A master valve is usually operated auto-
matically.

Circuit valves are the valves that control individual
circuits, or groups, of sprinkler heads. The most
common circuit valve used today is the electrically
operated diaphragm globe valve. Flow control
valves can be pre-set at a given rate of flow to
regulate flow.

You should always place the r..aster valve at the
point where you make the cross connection. This
point is most often at the water meter.

You may place circuit valves in the turf area or
connect them to a manifold at a central location.
The manifold approach offers a couple of advan-
tages over buryingthe circuitvalves in the turf area.
First,all of the circuitvalves are easy to find, repair,
orreplace. Second, you avoiddamage, and unsight-
liness, to the turf area.
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Valves

Drain valves

Annotation:
(Discussion Question)

How many of you rou-
tinelyusedrain valveson
your systems?

Backflow prevention
valves

Opening and closing
valves

4. Controlling Water Flow

Automatic drain valves are an important part of
any sprinkler system. You should place them atall
low points in the system. Install them at an angle of
30°to 45°below horizontal. Ifyou put themstraight
down, the valve may clog from debris. If you put
them straight across, not enough water can drain
from the pipe.

Neverinstall an automatic drain valve at the end of
apipe. Debris can be flushed to the und of the pipe
and clog the drain. Move back from the end of the
pipe about 12 inches and install the drain valve
there.

Alwaysinclude a sump pit for each drain valve. The
size of the sump will vary depending on the type of
soil; heavy clay soils require larger sumps. As a
general rule, a sump about the size of a one pound
coffee can works well. Fill the su: np with gravel to
ensure good drainage.

The Febco Cross Connection Control Handbook
in the appendix of this book discusses where to
install the various backflow preventionvalves. You
may wish to re-read portions of that handbook to
review the information.

Automatic valves, whether electric or hydraulic,
need some device to open and close them. That
deviceis called a controller andis the subject ofour
next discussion.

Before you learn about controllers, however,
complete the subject review on valves.

2 5y
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4, Controlling Water Flow Subject Review

Subject Xeview

Valves

Fill In The Blank
Supply the word or words ir the auswer column to complete the following statements.
Then, after the questions are discussed in class, place an “X” through each incorrect I

answer and write the correct answer in the answer column. That way, vou will know the
correct answers if you later review this information.

Statement Answer
1. The more valves used in a system, the fewer Heads. (Common sense)
per circuit.
2. Valves bodies today are availatle in two types Plastic, metal. (Page 11)
of material, both and
3. A system with manual valves buried at 29" Key. (ABC’s, page 46)
requires a for the proy-erty owner to

open and close the valves,

4. Three common ways to operate section valves Manually, hydraulically,
are ,  ,and . and electrically. (Page 11,
and ABC’s, pages 32 and 36)

5. Valves that and < lyare less Open and close. (Glossary,
likelyto cause fatigue in sprinkler components. water hammer)

6. Water running through an angle valve always 90°orright. (ABC’s, page 32)
exits at a angle from the direction of

entry.

[ o X
Co
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Subject Review

Statement

7. Most electric valves require sustained electric
current for the valve to remain

8. A is really any device that can control
fluid flow.

4. Controlling Water Flow

Answer

Open. (ABC’s, page 36)

Valve. (ABC’s, page 29)

1 :
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4. Controlling Water Flow Subject Review

‘ True or False

In the answer coluran, mark the following statements “T” for trus or “F” for false. The
whole statement is false if any part of it is false.

Then, after the questions are discussed in class, place an “X” through an incorrect
answer and write the correct answer in the answer column. That way, you will know the
correct answers if you later review this information.

Statement Answer
1. All electric valves are globe type. False. (Figure 4-3)
2. Miaster valves are used to prevent velocities False. (Glossary, Flow Con-
above 7 ft/sec. trol Valve)
3. Solenoids often use 24 V AC electrical current False. (ABC’s, page 36)
to close.
‘ 4. The water from the sprinkler system must never False. (ABC’s, page 36)

be allowed to pass into the cavity above the
diaphragm in an electric valve.

5. Valves need not be sized because they seldom False. (Page 11)
create friction loss.

6. Aanti-sipho-.valves canbe used to regulate flow False. (ABC’s, page 34)
by partially closing their poppet.

7. Common backflow prevention devices last False. (Febco, page 10)
many years and do not need to be tested
regularly.

8. Codes usually require that circuit valves be False. (Common sense)
several inches above the highest head in 2
circuit.
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Subject Review 4. Controlling Water Flow

Multiple Choice
Circle the letter of the choice that best completes the statement.

Then, after the questions are discussed in class, write the letter of the correct answerin
the answer column. That way, you will know the correct answers if you later review this

information.
Statement Answer
1. Most residential sprinkler systems need F. None of the above. (Class
discussion)

A. Only two valves for the front yard ard two
valves for the back yard

B. One master valve, no drain valves, and four
circuit valves
C. Anatmosphericvacuumbreaker connected
to a master valve
D. As many valves as the water pressure will
allow
E. Both Cand D
2. You should always place a master valve C. At the point where you
make the cross connection.
A. Next to a building for protection (Page 17)
B. Higher than the water meter
D. On the circuit that has the most sprinkler
heads
E. Both Aand B
F. BothCand D
izl
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4. Controlling Water Flow

Statement

. Withastraight-through diaphragm valve open,
you

A.
B.
C.
D
E.

4. A gate valve with a non-rising stem means that

A.

B.

C.
E.
F.

Cannot see through the fle»v passage
because of the baffle plate

Can see through the flow passage

Cannot tell from the outside of the valve if
it is open or not

. Can teil from the outside of the vaive if it is

open or not
Both Aand C

The valve will not open as fully as a rising
stem gate valve

The vaive will always wear out faster than a
rising stem gate valve

The valve body cannot be removed
Thestem canbe turned only withavalve key
None of the above

5. Drain valves

A.

B.

C.

D.

F.

Are closed when the valve fills with water
Should be placed at an angle of 30° to 45°
below horizontal

Should never be inctalled at the end of a
pipe.

Should aZ..«ys drain into a sump pit
None of the above

| SN
¢
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Answer

F. Both B and D. (Page 13)

D. The stem swivels in the
valve body at a fixed height.
(ABC's, page 30)

E. Allof the above. (Fage 18)
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Subject Review

Statement

. Circuit valves

A. Must be placed in the turf area
C. Must be electric valves

D. Must be a piston type valve

E. Must be a globe type valve

F. None of the above

. Swing check valves

B. Are all spring actuated

C. Cannot be disassembled for maintenance
D. Never require maintenance

E. Both Aand B

F. BothCand D

. -Hose bibbs

Always have an outlet that is 90° to the inlet
Cannot be buried in a valve box

Always have an outlet smaller than the inlet
Always have a permanent hand wheel for
operating the valve

None of the above

mowy»

e

4. Controlling Water Flow

Answer

B. May be connected to a
manifold at a central loca-
tion. (Page 17)

A. Allowwater to flowin only
one direction. (ABC’s, page
31)

C. Are often called hydrants
or faucets. (ABC’s, page 35)
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4. Controlling Water Flow

Controllers and Electrical Wiring

Contrcllers and Electrical Wiring

Controller defined

Types of controllers

Hydraulic

Electro-mechanical

Annotation:
(Discussion Questior)

How many of you have
ever taken apart an elec-
tro-mechanical control-

ler? Describe what you
did and how.

Irrigation Systems - Instructor’s Guide

Withinthe irrigation business, controllers are often
referred to as clocks or timers. But by whatever
name, an automatic controller is a device that
actuatesremote controlvalves. Werefer to avalve
and its group of sprinklers as a circuit. Controllers
vary widely in the number of circuits they can
control, from a single circuit to at least 30.

The three types of automatic controllers are hy-
draulic, electro-mechanical, and solid state.

Actually, there is a fourth way to control sprinkler
systems: manually. With manual control, of
course, a person must physically turn on and off the
system. A manually controlled system typically cost
less than an automatically controlled one. The
inconvenience, however, is a definite drawback.

Hydraulic controllers are seldom used anymore.
Theirdisadvantages outweigh theiradvantages. As
much as anything, they are victims of the advance
oftechnology. Hydraulic controllers are discussed

in the ABC’s.

Electro-mechanical controllers use a combination
of electronic parts and mechanical parts (such as
gears). Watering cycles are turned on and off by
means of tripping pins located on a wheel or dial.
Such controllers typically have a day wheel and an
hour wheel. The pins trip, or turn on, switches as
the wheels rotate. This starts the watering cycle,
which stays on until the controller timer shuts it off.
The cycle then remains off until the wheels rotate
around again and the pins once more trip the
switches.

s
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Controllers and Electrical Wiring

Solid state

4, Controlling Water Flow

For several years, electro-mechanical controllers
have been the most widely used. The use of solid
state controllers is quickly gaiming on them, how-
ever.

Solid state controllers will undoubtedly become
more common than electro-mechanical ones dur-
ing the next decade. They offer the advantage of
being completely electronic. This allows them to
have more features than electro-mechanical con-
trollers, as well as to avoid mechanical breakdown.
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4. Controlling Water Flow

Table 4-1. Advantages and Disadvantages of Controllers

Controllers and Electrical Wiring

Table 4-1 summarizes the advantages and disad-
vantages of the different types of controllers.

Controller Type

Advantages

Disadvantages

Hydraulic

Electro-mechanical

Solid State

Manual

Provided a way to actuate
remote control valves be-
fore the invention of valves
with electric solenoids

Not sensitive to surges in
electrical power

Simple to operate

Proven to be reliable
Powered by electricity in-
stead of water

Powered by electricity in-
stead of water

Physically small

Flexible programming
Several options available
Reliable

Less expensive

Can be installed in remote
locations where no electri-
cal power is available
Allows a visual verification
that the system is cperating
correctly

Can freeze

Requires normally open
valves

Requires clean water to
function correctly

Leaks in tubing can cause
malfunctions

Few options and features
available

Physically large
Subject to mechanical
breakage

Limited programming

Sensitive to electrical
surges
Cost (sometimes)

Inconvenient

Not conducive to water
conservation (wasteful if
operator forgets to shut
off system or cannot get to
the system for an ex-
tended period)
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Controllers and Electrical Wiring 4. Controlling Water Flow

Pawer requirements Normally, all three types of controllers require 115
volts AC current for their power. Some controllers
operate on the 115 volts. Other controllers change
the 115 volts AC to 24 volts AC and operate on 24
volts. In either case, a common wall socket can
supply the power.

The power output from most controllers is 24 volts
AC. The outputpowerisused toactuate the valves.

Use an unswitched cir- Controllers that require 115 volts AC current can
cuit be plugged into a wall socket or wired directly. In
either case, the current needs to be supplied by an
unswitched circuit. This prevents accidentally
turning off the controller when a switch is turned
off. If you wire a controller directty, always turn off
the circuit breaker to that direct line. Remember:
What are some of the you must be a licensed electrician to legally tie into
problems you may face if the electrical system and run a direct line.

you install an outlet in-
stead of a licensed elec-
trician installing it?

Annotation:
(Discussion Question)

As a point of caution, remember that the 115 volt @
input power is polarized. That is, the positive,

“hot” wire mu-t be connected to positive and the

negative wire must be connected to ground. Polar-

ity isespecially important if more than one control-

ler needs to operate from a single power supply.

Electricity and the law Input power may not always be available at the
exact location where you need to mount a control-
ler. A wall of a garage may noi contain an electric
outlet, forexample. Insuch cases, you must explain
thesituation tothe property owner and request that
he orshe contact a licensed electrician. Unless you
arealicensed electrician,you cannot legally tie into
the electrical system to add an outlet or to run a
direct line.

[ Y
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4, Controlling Water Flow Controllers and Electrical Wiring

Controller features Automatic controllers are capabie of more than
just opening and closing valves. The features vary
widely with the different types and brands of con-
trollers. Features that are standard on one brand
may be optional on another.

Comuinon features Standard features frequently include an override
switch, master valve operation, and pump start. An
override switch lets you manually turn off the
sprinkler systet:s when watering is not needed, like
whenitis raining. Infact,some controllers label the
switch as a rain switch. The override switch also
allows you to start the system manually.

The ability to operate a master valve is an impor-
tant feature. If a sprinkler system uses an atmos-
pheric vacuum breaker, a master valve is requirec
upstream from the breaker. Also, a master valve is
often used to relieve pressure from the manifold

. and the supply line when the system is not operat-
ing.

The ability for the controller to start a pump is
another common feature. The water for some
sprinkler systems comes from a well or a lake and
must be pumped to the system. The pump start
feature allows the controller to start the pump at
the beginning of the watering cycle and to shut off
the pump at the end of the cycle.

Programming Solid state controllers often have features that are
seldom found on the other two types. The most
common of these is multiple programming, or the
ability to have more multiple watering cycles. This
feature is very important because of the increased
use of drip irrigation and the fact that different
types of plants have different water requirements.

[ o
()

Q Irrigation Systems - Instructor’s Guide 4-29




Controllers and Electrical Wiring

Power backup

Surge protection

Actuating the valves

4. Controlling Water Flow

Also common cn solid state controllers is a battery
that provides backup power for the program in the
controller’s memory. If the electricity is cut off, the
battery retains the program until the electricity
comes back on. If the electrici._* were to stay off
long enough, the battery would eventually go dead
and the program would be erased from memory.

Insuchsitvations, many solid state controllers have
a built-in program that automatically turns on the
system each day, for a brief period, to ensure
watering. The built-in program is powered by
electricity and will not activate until the electricity
is restored.

Because power surges can damage electronic
components, surge protection is a another feature
often found on solid state controllers.

Controllers must have some way o actuate the
valves. Hydraulic controllers use water pressure.
Electro-mechanical and solid state controllers use
an electric charge. The charge is transmitted to the
valves through wires.

Fortunately, valves that operate on 24 volt AC
current are not polarized. All they require is a
“hot” wire and a common wire. You donot have to
worry about which wire goes where. You can use
the same common wire for all of the valves that the
controller actuates. If a system has more than one
controller, use separate common wires for each
controller.
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4. Controlling Water Flow

Electrical wiring

Wire gauge

Conductor wires

Irrigation Systems - Instructor’s Guide

Controllers and Electrical Wiring

Two types of wire are approved by the National
Electrical Code for direct burial: UF and TW.
Bothtypes are approvedfor circuits that operate on
less than 30 volts. Type UF contains a heavier
insulation than type TW and for that reason isused
more often. Cirecklocal codes tobe certain thatthe
wire you use complies.

The gauge of awire refersto its size. Mostwire used
for sprinkler systems is copper wire of 18, 16, or 14
AWG (American Wire Gauge). The smaller the
gauge number, the larger the wire. For example, 14
AWG wire is larger than 18 AWG wire.

The gauge isimportant because the longer the wire
and the higher the amperage requirement, the
larger the wire size needed. Most controllers and
valvescome with documentation thatexplains their
wire requirements, such as the amperage, gauge,
and howfaryou canrun the wire. Normally, you can
run 18 gauge wire 2000 feet. That distance is the
complete circuit, so you could locate a valve 1000
feet from a controller.

Wire used for sprinkler systems usually contains
numerous individual wires within a jacket or
sheath. Wire such as this is described by two
numbers separated by a slash: 18/8, 16/6, and so
forth. The number on the left of the slash indicates
the gauge of the wire. The number on the right
indicates how many conductors (individual wires)
arewithin thejacket. For example, 18/8is 18 gauge
wire with 8 conductors, and 16/6 is 16 gauge wire
with 6 conductors.

Each conductor within the jacket is usually a diffex-
ent color from the other conductors. The white
colored conductor is usually used as the common,
or ground, wire.
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Controllers and Electrical Wiring

Splicing wire

Annotation:
(Discussion Question)

What type of problems

have you had with bad
wiring connections?

Installing wire

4, Controlling Water Flow

Try to wire your sprinkler systems without splicing
the wire. Run a single piece of wire from the
controller to each valve. The reason for this is
simple: most electrical problems are caused by bad
connections.

When you connect wires, make sure that the ends
are clean and secure. Use crimp connectors if the
wires will be buried. Taping the wires together or
connecting them with wire nuts is not recom-
mended for wires that will be buried.

Always seal a connection regardless of how you
make the connection (crimp, taping, or wire nut). A
common sealant used in the irrigation business is
an epoxy resin type. The resin forms a waterproof
seal to protect the connection from moisture.

Leave plenty of slack in the wire throughout the
system. Put a loop in the wire at every 90° turn.
“Snake” the wire from side to side in the ditch to
ensure that the wire has enough slack. At each
valve, create a “pig tail” by wrapping about 18
inchesof wire arounda piece of pipe to curl the wire
like a cord on a telephone receiver. Leave addi-
tional slack at each connection.

Remember: compared to troubleshooting electri-
cal problems, wire is cheap.

A good place to run the wire as much as possible is
under the pipe. The pipe will help protect the wire
when you fill in the trench. Handle the wire
carefully during the entire installation so that you
do not skin off the insulation. A skinned place can
allow moisture to enter and can cause grounding
problems.

-
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4. Controlling Water Flow

Check the solenoids

Irrigation Systems - Instructor’s Guide

Contrellers and Electrical Wiring

Verify thai the valve solenoids operate before you
bury e wire. Sometimes you can check the
operation just with an ohm meter.

Use conduit for any wire thatisabove ground, even
UF and TW wire.

-
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(This page included for duplexing.)

y 4-34 Irrigation Systems - Instructor’s Guide




4, Controlling Water Flow

Subject Review

Controllers and Wiring

Fill In The Blank

Subject Review

Supply the word or words in the answer column to complete the following statements.

Then, after the questions are discussed in class, place an “X” through each incorrect
answer and write the correct answer in the answer column. That way, you will know the

correct answers if you later review this information.

Statement

Answer

1. The three types of irrigation controllers are
electro-mechanical, hydraulic, and

2. Control valves used with hydraulic controllers
may be normally or normally

3. List three disadvantages of a hydraulic
controller , ,

4. Liet three functions that you can normally
perform with any controller , ,

ek

..

o~
"

Irrigation Systems - Instructor’s Guide

Solid state or -electronic.
(Page 25)

Open, closed. (ABC’s, page
52)

Plugging of supply line
(needs clean water), freez-
ing, uses normally open
valves, requires tubing to
each valve, few options and
features. (Table 4-1)

Open and close a valve,
manually turn off the con-
troller (rain switch), set spe-
cific start times, set specific
start days, time specific sta-
tions. (ABC’s, page 49)

4-35




Subject Review

Statement

4. Controlling Water Flow

Answer

5. List three functions that are cansidered exira
options on a controller ) )

6. Intheirrigationindustry, a controlleris usually
called a

7. The two types of wire that can be used under
ground are and

8. If wires will be buried in the ditch, make sure
that any splices are _

-L‘-‘\)

Pump start, master valve
control, multiple programs,
weather tight housing, mois-
ture sensor circuitry, surge
protection. (Pages 29-30)

Clock or timer. {Page 25)
UF and TW. (ABC'’s, page
51)

Sealed against moisture,
water tight. (Page 32)
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4. Controlling Water Flow Subject Review

True or False

In the answer column, mark the following statements “T” for true or “F” for false. The
whole statement is false if any part of it is false.

Then, after the questions are discussed in class, place an “X” through an incorrect
answer and write the correct answer in the answer column. That way, you will know the
correct answers if you later review this information.

Statement Answer
1. At most, the number of valves that a single False. (ABC’s, page 49)
controller can operate is 25.
2. All controller housings are weather tight. False. (ABC'’s, page 53)
3. Atotally electronic controller is more versatile True. (Table 4-1)

than an electro-mechanical controller.

4. Not all controllers have protective circuit True. (ABC’s, page 53)
breakers.

5. The wire to avalve should be pulled fairly tight False. (Page 3?)
to prevent the wire from moving in the ditch.

6. You can use 18 AWG wire on all sprinkler False. (Page 31)
system¢

7. Wire listed as 18/8 contains 8 circuit wires and False. (Page 31)
1 ground wire. -

8. Wire that is approved for burijal should be True. (Page 33, and ABC’s,
enclosed by conduit if the wire is above ground. page 130)

10
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Subject Review

Multiple Choice

4. Controlling Water Flow

Circle the letter of the choice that best completes the statement.

Then, after the questions are discussed in class, write the letter of the correct answer in
the answer column. That way, you will know the correct answers if you later review this

information.

Statement

Answer

1. The pressure required to operate a hydraulic
controller is

A. 75 psi or greater

B. The number of valves multiplied by .87 psi
C. Less than 45 psi

E. The number of heads multiplied by .87 psi
F. None of the above

2. The output voltage from most controllers is

24 Volts DC

115 Volts DC

115 Volts AC

220 Volts AC
None of the above

mmY0»>

D. Equal to or greater than
the water pressure in the

system. (ABC’s, page 52)

B. 24 Volts AC. (ABC’s,
pages 50, 52, §8, 59)

iy
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4. Controlling Water Flow Subject Review

Statement Answer
3. Although it may vary with different brands of A. One. (ABC’s, page 55)

controllers, the number of valves that a single
station normally operates at one time is

B. Two

C. Three

D. Four

E. Six

F. None of the above

4. If electric power is not available at any of the E. Inform the customer that
reasonable Incations for a controller, you a licensed electrician must
should install an electric outlet.

(Page 28)

A. Install an electric outlet in a suitable place,
such as a garage, and put the controller

' there

B. Run a weather-proof extension cord from
an outside outlet to where you want to put
the controller
Install a manual-start system
. Call a licensed electrician to install an

electric outlet

F. None of the above

o0
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Statement

4. Controlling Water Flow

Answer

5. Make certain that a controller is connected to

A. Anoutlet that is used only for the controiler

B. An outlet that has its own circuit breaker

C. Anoutlet thatis canbe turned on and off by
a wall switch

E. Anoutletonanoutside wallso that you can
get to the wiring if necessary

F. None of the above

6. Regardless of the type of controller used, make
certain that you

A. Sell the controller under a separate
maintenance -:ontract

B. Mount the controller where young children
cannot easily reach it

C. Explain to the customer how to operate the
controller

D. Both AandB

F. None of the above

7. The common, or ground, wire is usually

A. Reu

B. Black

D. Orange

E. The wire largest in diameter
F. None of the above

D. An outlet that cannot be
turned on and off by a wall
switch (an unswitched cir-
cuit). (Page 28)

E. Both B and C. (Common
sense )

C. White. (Page 31)
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Statement

Subject Review

Answer

8. Asingle ground wire can be used as the
common wire for a maximum of

A. Four valves

B. Four valves if the controller is electro-
mechanical

Twelve valves

. Twelve valves if the controller is program-
mable

One to six valves

m oo
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F. None of the above.
(Page 30)
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(This page inclnded for duplexing.)
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Orientation

Controlling Watier Placement

Class Session 4

Audiv-visual aids that Noue.
youneed to present class

session 4

Labs or drawing exer- Laboratory 2

cises associated with
class session 4

Steps to complete before Complete the following steps before you teach

teaching class session 4 class session 4:
1. Read this entire section and the following pages in

the ABC’s: 77 through 108.

2. Read the description for Laboratory 2. It is in the
tabbed section “Labs and Exercises.”

3. Determine exactly what Laboratory 2 involves. For
example, you may plan to hold the lab in a different
location than the regular class. 1fso, you mayneed
to cou.lact your college representative and verily
that the different location is available.

Make sure that you have all of the required mate-
rials prior tn the lab. Again, you may need to
contact your college representative to verify the
location of the materials supplied by the vendors..

4, Study the lesson plan for class session 4. Remem-
ber that the times allotted are guidelines only.




Orientation

Reading and homework
assignments for class
session 4

5. Controlling Water Placement

Determine which of the learning activities that you
want to include during the class.

For you and your students, photocopy the pretest
for the subject “Water Meters, Cross Connection,
and Backflow Prevention.” Allpretests are located
in the 9x12 envelope. Be sure to retarn the master
to the envelope.

Sit or lie in a quiet place where you will not be
disturbed. Close your eyes and relax your entire
body. Breathe deeply several times, using your
diaphragm to inhale and exhale. Mentally picture
yourself wi..: your students, discussing irrigation.
“See” the sitnation as a sharing of information that
unfolds pleasantly. Imagine the learning process as
being a pleasant and beneficial experience. Hold
that thought for a few minutes, then open your eyes
and resume your daily activit:zs.

At the end of Lab 2, give the reading assignment
and the homework for class session 4.

Very Important: In many respects, layout and
design is central to the irrigation business.
The time has now arrived for some
commitment on the part of the students.

Point out that the amount of reading is very
lengthy. Advise the students to read a few
pages every day and not try toread it all the
day before the next class.

Also »mphasize that the homework assign
ment is very serious and not jus: “busy
work.” Each student must feel completely
comfortable handling a coinpass and ruler.
Tell the students to bring the homework
with them to the next class.

’ .
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fvrigation Systems - Instructor’s Guide

Orientation

Reading assignment:

In the ABC’s:
Pages 76 through 108.

in the Student’s Guide:
All of Section 6.

Homework:

Draw at least 60 circles, to scale, with a compass:
12 circles with a 3 foot radius
12 circles with a 6 foot radius
12 circles with a 9 foot radius
12 circles with a 1z foot radius
12 circles with a 15 foot radius.

The students may use 10-squares-per-inch graph
paper if they choose. Otherwise, they must use a 10
scale ruler and set their compass to the correct
radius. On a scale of 10 squares per inch, each
square equals one foot.

| Sy
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Notes:
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3. Controlling Water Placement
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Section overview This section discusses the main ways in which water
reaches, or is placed at, the locations where water-
ing occurs. First of all, some sort of pipe must
convey the water to a location. Once at a location,
the water must be dispersed through sprinkler
neads and nozzles. Allied with a discussion of
sprinkler heads and nozzles is an explanation of
precipitation and application rates.

Piping

Pipe defined Pipe is any hollow tubular material used to convey
afluid. in sprinkler systems, of course, the fluid is
water.

The ABC'’s of Lawn Sprinkler Systeins covers the
subject of pipe fairly thoroughly. Therefore, this
Guide will not dwell on the subject. A few points,
however, are worthy of further di.cussion.

Older pipes may restrict In houses built during the 1930’s, ‘40’s, and ‘50’s,

flow most of the supply lines from the water meters into
the houses were galvanized steel pipe. Over the
years, aceriainamount of corrosion can build up on
the interior of such pipe and restrict the flow
passage.

One form of corrocion can be electrolytic corro-
sion, or corrosion c. - d by electrolysis. Insimple
terms, electrolysisis a chemical change in an object
caused by the flow of electrons. A car battery is a
good example of electrolysis occurring between
different metals and solutions to produce direct
current electricity.

Connecting two dissimilar metals together may

also cause electrolysis de_«<nding on the types of
metal. For example, connecting copper pipe to
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Piping

Annotation:
{¢iscussion Question)

What are some of the
ways that you car think
of to check flowrate with-
out using a flow meter?
(One way is the “bucket
test.” Use a hose bibb or
a water hose ¢o fill a
container of a known
size, one gallon or five
gallon, for example.
Time huw long it takes. If
it takes one minute to fill
a five gallon bucket, then
the flow rate is five gal-
lons per minute.)

5. Controlling Water Placement

steel oriron pipe can cause electrolyticcorrosion of
the steel or iron. The way to prevent this is to use
a dielectric fitting or other insulation type fitting.

Be aware that if you connect a sprinkler system to
anold supply system, you will probably have to deal
with restricted flow rates. This make it doubly
important for you to check the available flow rate
coming from the meter. The most accurate way to
do thisiswith a flow meter, although other methods
are 2. ailable.

S
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5. Controlling Water Placement

Standards

Effects of temperature
on pipe

Irrigation Syst. ms - Instructor’s Guide

A standard is a comparison against which the
quantity, quality, or extent of other items may be
measured. For example, the standard measure of
ayardis36inches. Ayardstick35incheslongwould
be nonstandard. Asyou can see, standards allows
us to have consistency. Standards also exist for
pipe, particularly regarding the size of pipe.

Private industry often originates standards. This
can lead to the existence of many different stan-
dards and can create a confusing situation. To
remedy such contusion, the official representative
of the United Siates for defining standards is the
American National Standards Institute, or ANSI.

ANSI was formerly known as the American Stan-
dards Association, or ASA. So, when dealing with
pipe, you may run across a standards number with
a prefix of ASA. (In fact, depending on the time
period when the standard was approved, you may
also encounter prefixes of NCANSI, USAA, and
USAS.)

Temperature affects pipe a couple of ways. First,
the temperature of the water affects the pipe. For
most sprinkler systems, the working temperature of
the water does not vary enough to be a major
concern. You will need to use a larger class of pipe
if the water temperature in the system is consis-
tently hot (90° or above). The hotter the water, the
larger the class number of nipe you should use.

A second way that temperature affects pipe is
called thermal expansion. Pipe, particularly all
types of plastic pipe, expands when it gets hot and
contracts when it get cold. The amount of expan-
sion and contraction can be several inches per
hundred feet depending on the type of plastic and
the amount «.. temperature change.
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5. Controlling Water Placement

For example, suppose that you installed a 100 fcot
section of PVCon a July day when tlie temperature
was 100°. After burying the pipe and running cool
water through it, suppose that the temperature of
the pipe dropped to 50°. The pipe will contract
about three inches. If you have not left sufficient
slack, the force of the contraction could pull apart
fittings.

Water hammer Impact strength, or the ability to withstand the
shockof a blow, is another important characteristic
of pipe. Think about the effect of a valve that
quickly shuts off the flow of water ..i a sprinkler
system. The water is moving, so it hus momentum;
the water is also heavy, so it has weight.

The effect of abruptly stopping that water causes a
shock called water hammer. Water hammer can
actually fatigue pipe and cause it to expand beyond
its normal shape. Insome cases, the expansion can
cause the pipe to rupture. ﬁ

Make sure that the class of pipe in your sprinkler
systems can withstand the surge pressure of water
hammer. A rule of thumb is to use the 50% rule.
Inother words, if the maximum amount of pressure
thatyou expected to encounter is 100 psi, you would
wanttouse at leasta class 200 pipe in order tosafely
allow for surges (50% of 200 is 100).

Another for.a of water hammer occurs when water
that is flowing straight makes a turn. For example,
water reaching an elbow fitting actually pushcs
against the fitting. In some cases, the force is great
enough to dislocated the fitting from the pipe. One
safeguard against this is a thrustblock, which &
some kind of hard material such as a brick, rock, or
piece of wood. The thrustblock is placed against
the elbow and provides resistance against water

hammer.

L4y
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Effects of sunlight on
pipe

Irrigation Systems - Instractor’s Guide

Sunlight can deteriorate PVCpipe over a period of
time and cause it toweaken. Youshould store PVC
where it is covered and not expose it to direct
sunlight for long periods.

Conversely, advances in polymer chemistry have
given us polycchylene pipe that can be exposed to
sunlight for long periods without harmful effect. In
fact, polyethylene pipe is often used for drip irriga-
tion andis made to lay directly on top of the ground.
Youwilllearn more abcut drip irrigationin Section
7.
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Connecting Pipe

Connecting pipe

Solvent welding

Remove the gloss

5. Controlling Water Placement

Pipe is connected invarious ways depending on the
type of pipe. Metal pipe such as galvanized steel is
connected with threaded fittings. Connections to
copper pipe are usuallysoldered, or sweated. PVC
and ABS connections are solvent welded. Polyeth-
ylene pipe cannot be solvent welded. You must use
clamp -type fittings instead.

Solvent welding and soldering are so common in
the irrigation business that each merits further
discussion.

PVC pipe is connected by a process called solvent
welding. The process is called welding rather than
gluing because an actual fusing of materials occurs.
The solvent softens the pipe and the fitting s~ that
they fuse together when they touch. This is differ-
ent from a glued connection, which would leave a
layer of glue between thie pipe and the fitting.

(ABS pipe is also connected by solvent welding.
But to simply discussion, this Guide will refer only
to PVC. Keep in mind that the same information
applies to ABS pipe.)

Before you solvent weld plastic pipe you must cut
it to the proper length. A hack saw cuts PVC very
well, or you may choose to use one of the cutting
tools especially made for cutting PVC. In either
case, make sure that allcuts are square and that the
ends of the pipe are free from rough edges.

The inside of the fitting and the outside of the pipe
must be clean and dry. PVC has a glossy coating
that you must remove or the weld may not occur
properly. You can remove the gloss with sandpa-
per,butabetter methodis touse a chemical cleaner
or primei.
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Apply the solvent

Watch the excess

Irrigation Systems - Instructoi

.uide

Ceonnccting Pipe

'The cleaner slightly softens the PVC so be careful
not to put the pipe and fitting together after you
have chemically cleaned them. They will bond
enough so that you cannot get them apart, yet they
will not be strong enough to withstand water pres-
sure.

After you have cleaned the PVC, apply a generous
coatofsolvent, but not an excessive amount. Apply
the solvent to the outside of the pipe and to the
inside of the fitting. The disiance fron. the end of
the pipe to where you stop applying solvent de-
pends onhow far the pipe will fit into the fitting. For
example, ii the pipe will fit two inches into the
fitting, start two inches from the end of the pipe and
apply the solvent from there to the end.

Afteryou coat the pipe and fitting with the solvent,
pushthem together and turn one or the other about
a quarter of a turn. This evenly distributes the
solvent. Hold the pipe and fitting together for 10 to
15 seconds, just long enough for them to make the
initialbund, before you proceed to the next connec-
tion.

Be careful not to use too much solvent. Excessive
solvent can formaring on the inside of the pipe and
fitting when you push the two togetuer. Since you
have no way to get inside and clean off the ring, the
solvent will keep sof 1ing the PVC and weaken
the plastic.

Wipeoff any excess solvent from around the fitting,
Ifyou do not, the solvent develops a film over itsc.f
and will not evaporate. The solvent will then keep
softening the pipe at that point and, over time,
weaken the pipe.

-y
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Conr-ccting Pipe

Types of solvents

5. Controlling Water Placement

Use enough solvent to form a good bond, but not so
much thatyou domore harm thangood. Keep from
dripping solvent on other connections that you are
not gluing. Normally, you should wait about 24
hours after solvent welding PVC pipe before you
put full pressure on the piping.

There are several types of welding solvents. Sol-
vents that are referred to as “hot” mean that they
soften the pipe quicker and ¢ vaporate faster. Take
care ifyou use hotter solver-is. Once you apply the
solvent, you will need to make the connection
rather quickly before the solvent evaporates.

Most welding solvents are f'2mmable and toxic.
Use them in well veatilated a.eas and be careful
with open flames around them.

Most of the solvents come in a can with the brush
builtinto thelid of the can. A good practice s to put
the lid back on the can every time that you use the ’
solvent. Th. xeeps the solvent from evaporating.

You also need to consider the size of the brush in
relation to the size of  titting. Use a brush that
is approximately one- £ the inside diameter of
the fitting. The brush will hold enough solvent to
evenly coat the inside the fitting, but not so much
that you end up with excess solvent. If you use a
brush too smali, it may not hold enough solvent to
completely coat the fitting. If you use a brush too
big, you will not be able to fit it into the fitting.

f:-
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Soldering defined

Start with flux and sol-
der

Irrigation Systenis - Instructor’s Guide

Connecting Pipe

Connections to copper pipe are made by using a
combination of heat ..1d a fusible metal alloy. This
process is called soldering or, more commonly,
“sweating.” The heat is usually supplied by a
propane torch. The metal alloy is called solder and
usually comes on a spool.

Soldering oftenscares people because they feel it is
harder to get a good connection than with solvent
welding. But soldering is actually fairly simple
provided you use the right materials, follow a few
simple guidelines, and do not hurry the process.

About the only time that you will need to solder in
the irrigation business is when you connect to a
water supply. Some city codes require that a
permanent tee fitting be sweated into the line if the
building has a copper supply line coming into it.
The only way to do this is to solder the tee into
place.

We will first discuss soldering and then describe
how to fit a tee into an existing water line.

To make soldered connections, you need flux and
solder. Flux is an agent that cleans the tarnish off
of the pipe and the fitting so that the solder and the
copper can bond properly. Use a flux that is
referred to as a non-acid or self-cleaning flux. The
label on the container will identfy the flux as being
of this type or not.

The flux removes any chemical barrier that may
prohibit a good bond and allows the solder to flow
more smoothly. The solder is the actual agent that
does the bonding.

| 2N
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Connecting Pipe

Types of solder

Add a heat source

5. Controlling Water Placement

When you select a solder, avoid the acid core and
tlux core solders. Some solders come with a core
that has flux or asid in it to clean the pipe. But by
the time such solder gets hot snough to actually
release the flux or acid, the solder has already
melted and is on the pipe. Therefore the flux does
aot really clean well.

The best type of solder for copper sweating is not
available any more, @ 50/50 wire solder. The 50/
50 refers to the percentage of lead and zinc in the
solder, 50% eachin this case. The EPA hasbanned
productsthat containlead if the products come into
contact with potable water supplies. (Y ou may still
find 50/50 solder, but eventuallyit will be removed
from the market.)

An acceptable alternative on the market today is
referredtoasa95/5. Such solderis 95% tinand 5%
antimony. Thisis ahardersolderandisalittle more
difficult to work with. Nevertheless, it is the best
available at this time.

Not 4l of today’s solders are 95/5. Most of them
contain a large percentage of tin, but the other 5 or
10%maybe antimony, silver, copper, orzinc. Some
ofthese are still fairly easy toworkwith; any of them
will make an acceptable bond.

The heat required .v melt the solder is usually
supplied by a small propane torch or an acetylene
torch. Use the soldering tip for sweating.

Alongwith flux, solder, and torch, you need certain
safety equipment.

fona
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Remember your safety
equipment

How the bond forms

Irrigation Systems - Instructor’s Guide

Connecting Pipe

A pair of gloves is necessary to protect your hands
and wrists. The pipe and fittings get very hot when
sweated. You also need a pair of goggles to nrotect
your eyes in case the flux or solder pops. Another
good idea is to wear a long-sleeved shirt to protect
the lower arms. Remember: safety first. Always.

Howis the bond actually made between the fitting
and the pipe? When you sweat a fitting, the solder
isactually drawninto the void between the pipeand
the fitting by capillary action. This is why it is
important that they both be really clean and not
scratched. You need a smooth, clean surface so
that the solder can be drawn in consistently around
the joint.
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Connecting Pipe

Guidelines for soldering

Make sure that the pipe
and fitting are dry

Clean the pipe and fit-
ting

5. Controlling Water Placemeni

You will have more success with soldering if you
follow a fecw simple guidelines. These guidelines
are presented below. Remember not to rush the
soldering process.

The pipe and fitting must be totally dry before you
solder. Otherwise, the water will keep part of the
pipe or fitting from heating. The solder will not
stick to that area, and a leak will occur there.

Because you will usually be sweating a water line,
some amount of waterwillbe in theline. Ever after
you drain the line, a smallamount of water may stil!
be in the bottom of it and come trickling out for a
long time.

The pipe and fitting must be dry, yet water is always
present. What do you do? Breaq. Take a slice of
bread, remove the crust, and form the slice into a
ball or oval. Push the bread up the pine about 2 or
3 inches back from where you will solder.

The wad of bread will temporarily stop the flow of
water. You can then make your solier connection.
The bread breaks down completely and will not
plug up the line. When you turn the water back on,
open a hose bibb to flush out what is left of the
bread. Remember to open a hose bibb and flush
out the remnants of the bread. Let the wate- flow
outof the bibb for2 or3 minutes to thoroughly flush
the line.

Always work with a clean pipe and fitting. You
need to remove any dirt and grim, as well as any
filings that may be left from whenyou cut the pipe.
You can clean the pipe after a cut with fine emery
cloth or sandpaper.

157y
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Be careful not to use an emery cloth or sandpaper
that is course enough to roughen the surface. The
surface must be kept smooth. Any scratches or
grooves on the surface can hinder the actual bond.

Use flux Before yousolder, coat the fitting and the pipe with
flux. The flux cleans the copper and helps the
solder to flow smoothly and evenly. Flux is usually
applied with a brush. Apply an even coating, but
not excessive, to the inside of the fitting and the
outside of the pipe.

Slide the connection together and rotate itto make
sure that you spread the flux evenly. Once the
fitting is together and rotated, turn the fitting to the
correr:t position and you can start the soldering.

Apply the heat to the fit- Always heat the fitting, not the pipe. The fittings
ting are normally of a heavier construction than the
pipe. Ifyou heat the pipe, it may get too Lot before
‘ the fitting has a chance to heat thoroughly. This
situation can cause inconsistent heat around the
connection and create a bad solder connection.
Heat just one side of the fitting; do not try to move
the torch around and heat the entire fitting.

Normally, you can heat a fitting in 7 to 10 seconds.
You will be able to tell when the fitting is hot
enoughbecause the fluxwill start tobubble and pop
asitmelts. Yot canscorch a fitting if you heat it too
long. A fitting usually turns a blue color if it is
overheated. If the fitting stays blue after it has
cooled off, you should replace the fitting. Solder
will not stick well to a scorched fitting.

Once you see the flux starting to bubble, apply the
solder to the opposite side of the connection. If the
solder sticks and does not melt immediately, pull it
away and heat the fitting for another 2 or 3 seconds.
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Connecting Pipe 5. Controlling Water Placement

Just assoon as the connection is hot enough to melt
the solder, remove the heat from the {itting. Apply
the solder right at the joint where the pipe and the
fitting come together.

The solder wili spread naturally around the joint
and be drawn into the void between the pipe and
the fitting.

Apply solder opposite Always apply the solder to the side of the connec-

the heat tion opposite the heat. That makes sense when you
think about it: if the side opposite the flame is hot
enough to melt solder, the side toward the flame
certain is. The reverse may not be true.

A good practice is to heat the upper part of the

fittingon one side and apply the solderon the lower

side across from the heat. You can be fairly certain

of a good solder joint if you can draw the solder up

and around the fitting. Regardless of where you

apply the heat, however, make sure that the solder ‘
draws completely around the fitting.

. e,
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Tips on handling the
solder

Tips on soldering several
fittings

Resoldering a fitting

Irrigation Systems - Instructor’s Guide

Connecting Pipe

Normally, you need about the same amount of
solder wire to make a connection as the size of the
pipe’s outside diameter. That is, a 1/2 inch pipe
normally requires about 1/2 inch of solder wire; a
3/4 inch pipe normally requires aboui 3/4 inch of
solder, and so forth.

Just after you apply the solder, wipe off the joim
with a soft cloth. This removes any excess sclder
and smooths out the sweated joint. Any solder left
on the outside has nothing to do with the actual
solde¢ connection. It is just extra and should be
removed (for looks more than anything).

A good way to handle the solder is to take about 18
to 24 inches off of the roll. Do not try to work with
the entire roll. Wrap about half the length around
your hand to make sort of a coil.

This gives you something easy to hold, yet it is a
small enough piece that you can easily work with it.

When soldering several fittings, you need to start
with the lowest one and work your way up. That
way, any excess solder from a fitting will not drip on
onethatyou are getting readytosolder. Also, ifyou
have several fittings to put together, go ahead and
cleanthem, put the flux on, and assemble the whcle
thing before you start soldering. Then you can
come back and solder all of the fittings.

Solderingall of the fittings at one time can speed up
the job. A certain amount of the heat applied for
the first fitting heats the next fitting, and so on.

Ifyou need to resolder a fitting, heat it and remove
it from the pipe. Remove any solder that is on the
pipe or fitting and reflux them both. You must
reflux if you resolder, or the connection will proba-
bly be faulty. '
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Connecting Pipe

Watch cut for flammable
backgrounds

Connecting plastic to
copper

§. Controlling Water Placement

If you are sweating a fitting against a wooden wall
or something that is flammable, you need to slide a
piece of tin or some protective barrier between the
fittin, and the flammable substance. Remember
thatthe heatfromthe end of the torch extends Guite
a bit farther than the actual flame. Be careful not
to burn yourself or ignite something.

Thehottest part of the flame isat the end of the blue
part of the flame. Normally, on a well adjusted
torch, the blue part is about a quarter of an inch
long.

In some cases you may need to coniiect plastic to
copper, such as coming off of a copper tee with a
PVC line. The PVC connection needs to be a
threaded fitting. Special adaptors are available
that have a sweat fitting on one end and threads on
theotherend. Besuretosolderthe adaptorinplace
before you connect the PVCto it. Otherwise, the
heatfrom the soldering may damage the threads on
the PVC. Wait until the adaptor has cooled com-
pletely beforz connecting the PVC.

b=
-]
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Connecting a tee to an
existing water line

Usinga no-stop coupling

Irrigation Systems - Instructor’s Guide

Connecting Pipe

The types of copper pipe copxmonly uscd for water
lines are fairly soft. When you dig a hole to reach
thewater line, be careful not to hit the pipe withthe
shovel--you may scar or flatten the pipe. The pipe
needs to be round and unmarked to help ensure a
leakproof connection.

Select an area of pipe taat is round and unmarked
about 8 to 10 inches long. This is where you will
connection the tee.

Use a tubing cutter or hack saw and remove about
a6 to8inchsection of the pipe. Remove any burrs
from the ends i ihe pipe.

Because the copper pipe is fairly rigid, you will not
be able to simply replace the cut-out section with a
tee fitting the same length. Instead, you need three
pizces to install a tee: the tee fitting itself, a short
piece of copper pipe the same outside diameter as
the water line, and a no-stop coupling.

A no-stop coupling does not have a ridge on the
inside for the pipe tobntt against. The couplingcan
slide completely on the pipe.

Clean and flux the fittings and pipe. Slide the no-
stop couplingonto the existing water line, flush with
the end of the line. Push the tee onto the other
exposed end of the water line. Add the smal! . '~ce
of pipe to the other end of the tee. Now slide the
no-stop coupling onto the short piece of pipe until
the coupling overlaps the short piece and the water
line about :he same amount.

Thisarrangement leaves you 4 joints to solder: 1on
each side of the tee, and 1 on each side of the
coupling. You can then sweat all 4 joints in se-
quence and complete the water connection,

It
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Connecting Pipe 5. Controlling Water Placement

Intermission to change Before you read about the next subject, sprinkler
the pacc heads and nozzles, complete the subject review on
piping and connecting pipe.

i6,
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5. Controlling Water Placement Subject Review

Subject Review

Piping and Connecting Pipe

Fill In The Blank
Supply the word or words in the answer column to complete the following statements.
Then, after the questions are discussed in class, place an “X” through each incorrect

answer and write the correct answer in the answer column. That way, you wii. knowthe
correct answers if you later review this information.

Statement

Three main types of thermoplastic pipz are
) , and

. With PVC 1120 pipe, the first “1” refers to the

,thesecond “1”referstothe
and the “20” refers to the _

. The stretching of plastic pipe by

over-pressuring is called

. Atypeofpipethatisflexible,comesinrolls,

and is resistant to freezing is pipe.

. The torr used for the comparative reference

of different sizes of pipe is the pipe size.

. 50/50wiresolderis no longer available

because it contains

. Solder is drawn into the jcint because of

. 'The wwo materials needed to sweat a joint are

solder an4d

Icrigation Systems - Instr:uctor’s Guide

Answer

PVC, ABS, PE. (ABC’s,
nage 64)

Type (material type), Grade,
Design tensile strength.
(ABC’s, page 64)

Creep.
(ABC': )age 66)

Polyethylene,
(ABC's, page 69)

Nominal.
(ABC’s, page 61)

Lead.
(Page 10)

Capillary action.
(Page 11)

Flux. (Page9)
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True or False

In the answer column, mark the following statements “T” for true or “F” for false. The
whole statement is false if any part of it is false.

Then, after the questions are discussed in class, place an “X” through an incorrect
answer and write the correct answer in the answer column. That way, you will know the
correct answers if you later review this information.

Statement Answer

1. Electrolysis may occur when two dissimilar True. (Page1)
metals are joined.

2. LE.S. refess only to metal pipe. False. (ABC’s, page 61)
3. Aninstallation process that allows for the pipe True. (ABC’s, page 65)
to expand and contract is called “snaking.”
4. The forcethat develops when valves quickly True. (ABC’s, page 66)
close is called water hammer.
5. An installation device that helps cushion pipe True. (Page 4)
elbows against water hammer is called a thrust
block.

6. PVC2210 pipe has a design tensile strength of False. (ABC’s, page 64)
2000 psi.

7. All PVC solvents are the same. False. (Page 8)
8. PVCsolventcanalsobe usedtoweld False. (P2ge 6)
polyethylene pipe.
16y
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Subject Review

Muttiple Choice

Circle tne letter of the choice that best completes the statement.

Then, after the questions are discussed in class, write the letter of the correct auswer in
the answer column. That way, you will know the correct answers if you later review this

information.

Statement

1. The official representative of *he U.S. in the
field of international stxndards is

A. ASTM (American Society of Testing
am' Materials)

B. AWWA (American Water Works Associa-
tion)

D. AAIS (American Association for Interna-
tional Standards)

E. USSA (United States Standards Associa-
tion)

F. None of the above

2. The term “schedule” refers to

A. The wall thickness ox 1ron pipe only

B. The wall thickness of PVC pipe only

D. Thel.D.and tensilestrengthof all pipe
materials

E. The O.D. minus the L.D.

F. None of the above

Jun g
)
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Ansver

C. ANSI (American National
Standards Institute).
(Page 3)

C. The O.D. and wall thick-
ness of all pipe materials,
based on the O.D. and wall
thickness used in steel pipe.
{ABC’s, page 66)

()
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Statement

3. Thewallthickness ofa pipe mayl . determined

by

A. OD.-1D.

B. (LD. + diameter)/2
C (LD. + radius)/2
D. (ID.x2)-0.D.

E. BothCand D

. The letters which designate copper tube size
are

Y P
RN < w

mmO W
=t

s
%
&

F,T

. Continuous water hammer and surges can
caus:.

A. Hydrostatic design stress

B. Hydrostatic pressure vacuum
D. Pipe electrolysis

E. BothAandB

F. None of the above

5. Controlling Water Placement

Answer

F. Noneofthe above. (ABC’s,
page 61. O.D -LD. / 2)

D. K,L,M. (ABC’s, page 63)

C. Pipe fatigue. (Page 4)




5. Controlling Water Placement Subject Review

Statement Answer

6. The term “class” refers to the C. Design working pressure
of pipe. (ABC’s, page 65)
A. Design tensile strength of pipe
B. Design tensile strength of fittings
D. Design process of pipe extrusion
E. Impact strength of pipe
F. None of the above

7. A good sign that the fitting i5 rcady to take D. The flux bubbies and
solder is pops. (Page 13)

A. The fitting will turn a bluish color

B. The fitting will turn a reddish-orange color
C. The fitting is hot to the touch

E. The solder sticks to the fitting

F. None of the above.

8. To solder a 1/2 inch fitting should take E. 1/2 inch of solder.
approximately (Page 15)

A. 4 inches of solder

B. 2inches of solder

C. 1linch of solder

D. 1-1/2 inches of solder
F. None of the above

oo
<)
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(This page included for du [lexing.)
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5. Controlling Water Plscement

Sprinkler Types and Nozzles

Sprinkler Types and Nozzles

Sprinkler head defined

Annotation:
(Discussion Question)

Are impact keads avail-
able as either a pop-up
or an above-ground
type? If so, describe
what you think a pop-up
type looks like.

(Yes. The pop-up type
arehoused ina bucket or
canister with a cap that
is attached to the top of
theimpacthead itself. In
some cases, the cap can
hold a plug of turf.)

Irrigation Systems - Instructor’s Guide

So far in this Guide, you have learned about con-
nectingto the water supply and conveying the water
through pipes to various locations. Once you get
the water distributed, you need some way to dis-
perse it. This is the purpose of the sprinkler head.
A sprinkler head is a device that connects to the
piping for the purpose of dispersing water.

Actually, the sprinkler head itself is usually a hous-
ing, or container, for a rozzle. The nozzle is the
compcunent that dispenses the water in. a specific
pattern and distance. Two terras that you will see
associated with nozzles are trajectory and are.
Trajectoryis the angle from horizontalct which the
waterstream or spray or flowleaves the nozzle. Arc
is the portion of a circle that the water covers. For
example, a half-circle arc is 180°.

In common terms, the two basic categories of
sprinkler heads are rotary heads and spray heads.

A rotary head disperses water while rotating. A
mectinism--usually a water-driven mechanism--
rotates a nozzle over a given arc. The three most
common types on the market are the impact head,
also called impulse head, the gear drive head, and
the ball drive head.

Because the ABC’s of Lawn Sprinkler Svstems

discusses the vpes of rotary heads quite thor-
oughly, this G..de will not dwell on them. A few
points about rotary heads do merit further discus-
sion.

[SERN
«
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Sprinkler Types and Nozzles

Application of rotaxy
heads

Some drawbacks

Operating pressures

5. Controlling Water Placement

Rotary heads are usually used to water large turf
areas, which most commonly means commercial
applications. The heads may be pl» .d in the turf
areaitself, or along the edge and throw water into
or across the area. In either application, one
advantage of rotary heads is their large radius of
throw to cover such areas. Another advantage is
that a system with rotary heads usually costs less
than a comparable system with spray heads. The
rotary heads cost n..re per head, but it takes fewer
of them to cover an area.

The disadvantages of rotary heads is tha’ they are
sloppy and wasteful. To cover such long distances,
rotary heads throw water high into the air. The
water has more cortact time in the air and is more
susceptible to wind deflection and evaporation. In
short, rotary heads are not efficient in conserving
water.

Anotherdisadvantage of rotary heads s the limited
amount of adjustment to reduce their radius of
throw. This, combined with the fact that rotary
heads throw only circular patterns, limits their
usefulness almost entirely to large, open areas.
Trying to use rotary heads in areas with obstruc-
tionssuch asbuilding: - *lls, streets, sidewalks and
parking lots, will invariaoly mean that you throw
water into places that may prove objectionable.

Rotary heads, just like spray heads, have a mini-
mum operating pressure, and usually a maximum
operating pressure. The heads operate most effec-
tively in the range between the minimum 2nd the
maximum pressure. Payvery close attention tothe
manufacturer’s specifications on heads. Rotary
heads have vastly differing operating ranges de-
pending on the type of head. Some may require 60
or 70 psi, or more, to work properly; others may
operate just fine at 20 or 25 psi.

< ey
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S. Controlling Water Placement

Water distribution wira
impact heads

Gear drive heads

Irrigation Systems - Instructor’s Guide

Sprinkler "ypes and Nozzles

Impact heads distribute water unevenly because
the nozzle assembly “jurs” with each impact.
The “jumping” results in a jerky movement so the
water is not applied evenly.

Alsowith mostimpact heads, the precipitationrate
changes as you adjust the arc down (from 180° to 90°
for example). The discharge rate remains the
same, however. The discharge rate is how much
water per minute exits the nozzle or the head.
(Some type- of rotary heads do allow you to de-
crease the discharge rate as you decrease the arc.)

Precipitation rates and discharge rates are dis-
cussed further at the end of this section.

Interestingly, ball drive heads are actually impact
heads--the spinning ball impacts an “anvil” and
thus rotates the nozzle assembly. A ball drive
nozzle typically rotates more smoothly than an
impulse nozzle and therefore distributes water
more evenly. :

From the name, the gear drive head is somewhat
misleading. The head is driven by a turbine or
water wheel. The spinning action of the turbine is
ther reduced through a series of gears (much like
a transmission in a car). The gear mechanism
rotates the nozzle very smoothly. The smoothness
of rotation allows the gear drive head to distribute
water r.iore evenly than other types of rotary heads.




Sprinkler Types and Nozzles 5. Controlling Water Placement

Spray heads Sprayheads are the other common type of sprinkler
heads. Spray heads typically have a nozzle with a
fixed orifice thaiis machined or milled. The size of
the orifice, aswell as how it ismachined or the angle
at which it is cut, deterr ‘ines the arc of the throw,
the trajectory of the throw, and the discharge rate
of the head.

The discharge rate is how much water per minute
exitsthe nozzie orthe head. Some sprayheadshave
a flow adjustment, usually a valve, that you can
adjust with a screwdriver. The adjustment is com-
monly located at the nozzle and allows you to vary
the radius of throw.

Spray heads vary in their trajectories and arcs of
throwand their discharge rates. Most spraynozzles
are available in trajectories from 0° to about 40°.
The arcs vary from the most common, 360° or a full
circle,down to about20°. The various arcs, or spray
patterns, help you to irrigate oddly shaped areas.

Discharge rates vary greatly among spray heads,
just as they dc among rotary heads. Always check
the manufacturer’s specifications when determin-
ing discharge rates.

Shrub heads One common application of spray heads is for
watering shrubs and flower beds. Obviously, to
disperse the water past obstructions, shrub heads
needsto be higher than the shrubs. This is accom-
plished by raising the shrub head above the ground
onwhatis called ariser (typically a piece of PVC or

copper).

Risers have a couple of disadvantages. First, they
are a hazard if anyone should «rip on one or fall on
one. For thisreason, you should always place them
against a fixed wall or structure. Second, they need

< e .
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tobe higher than the shrubs. But shruhs may easily
grow aoove the height of the risers. Fortunately, an
extremely effective and efficient alternative to ris-
ers exists. Section 7, Drip Irrigation, discusses it.

Disadvantages of spray The main disadvaiitage to spray type nozzles is just

heads that--they spray. This usually limits the vseful
radius of throw to about 15 feet. Also, many spray
heads distribute water in a doughnut shaped pat-
tern. This means that they leave a dry area near the
head itself. The patterns of spray heads must be
overlapped to correct the problem.

Another disadvantage of spray heads, ’hich is
actually a problem of incorrect design, is that they
are often easy to over-pressurize. This condition
causes a very distinct atomizing effect on the water
leaving the nozzle and produces a fog or fine mist.

Infact, the main design factor that affects sprinkler

‘ operation is pressure. Too much pressure not only
causes a head to perform poorly, it can actually
shorien the operating life of the head.

If you do operate a spray nozzle at an ideal pres-
sure, the nozzle willproduce droplets of water. But
the droplets are so small that they stili susceptible
to wind deflection and evaporation.

Controlling water place- It may seem economical to use heads that cover a

ment with spray heads large radius and therefore use lIcss heads. In
actuality, such a decision may be false economy.
The loss in water will probably, in the long run,
exceed the cost of the additional heads.
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5. Controlling Water Placement

Using more spray heads also gives you more control
of water placement. Typically, the shorter the
di. tribution radius of the head, the more control
you have of where the watet lands. Some spray
nozzles have an adjustment on them that is usually
located right at the nozzle. The adjustment allows
you to decrease or uicrease the radius of the throw
by regulating the amount of water through the
nozzle. But when you adjust the water at the place
where it exits, what you actually do is distort the
pattern of the head itself. This is a distinct disad-
vantage. .

Irrigation Systems - Instructor’s Guide




S. Controlling Water Flacement

Hybrid spray heads:
stream rotor and wob-
bling nozzle

Wobbling nozzle

Q Irrigation Systems - Instructor’s Guide

Sprinkler Types and Nozzles

‘Two types of spray heads could be classified as
hybrids. One type is the stream rotor, which ejects
water in a number of small streams from a pop-up
nozzle. These heads have an internal mechanism
that gives you some of the effects of a rotary head
and some of the effects of a spray head. Often the
mechanismis a turbine type gear drive that rotates
an internal nozzle.

These heads were developed for use in places
where ruroff is a major problem. .Jor example,
areas that have steep slopes and very nonporous
soilwould cause run off, If you use this type of head,
remember to put them on their own circuit, sepa-
rate from other heads. The reason is that they have
a low precipitation rate, much Iower than regular
spray heads. Ycushould also overlap streamrotors
head-to-head.

The other type of hybrid is really net a spray head
at all even though it is commonly listed as such.
This type of head has 2 pop-up piston with 2 nozzle
in it. The nozzle itsclf meves-—-it both spins and
pendulates, or wobbles. The meving nozzie is
simil.1 to a rotary head, yet the water going in all
directions at once is similar to a fixed orifice spray
head.

The main advantage of this type of head is that the
wobbling action distributes water better than from
aspray or arotary head. In addition, the wobbling
action and internal nozzle design breaks up the
water into droplets which are less susceptible to
wind deflection and evaporation. This type ofhead
is mentioned on page 15 iu the ABCs.

| SN
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Precipitation

Precipitation rate

Discharge rate and pre-
cipitation rate

S. Controlling Water Placement

. recipitation and precipitation rate are of utmost
importance to an irrigator. Precipitation is the
amount of water applied over a given area. The
amount of water is measured in inches (or some
unit of depth such as millimeters). For example,
suppose that you have a flat, waterproof box 20 feet
square. Ifit rained 1/2 inch and you took a ruler
and measured the depth of the water anywhere in
thatbox, it be 1/2 inch. (Thebox could be any size
and this would still be true.) Your box received
1/2 inch of precipitation.

Precipitation as applied by an irrigation system
should be locked at in exactly the same terns. In
otherwords, you can easily calculate precipitation
if you know the volume of water used and the area
over wkich you applied it.

Precipitation rate is a measurement of how rapidly
a sprinkler head or a sprinkler system applies
water. The rate is defined as depth of water [ =r
some unit of time. Usually, it is expressed in inches
per hour.

Discharge rate is how much water per minute exits
the nozzle or the head. You cannot simply r¢late
precipitation rate to the manufacturer’s discharge
rate of the head. The discharge rate is usually
calculated within the range of proper operating
pressures.

C perating pressures outside of the proper range
will change the discharge rate (the greater the
pressure, the greater the discarge rate). Also, the
discharge rates change over time. Older heads may
have a certain amount of washout; the orifices may
have grown larger from water erosion. The piping
may develop constrictions or corrosion, or may
become partially clogged by solids in the water.

4 ./“5'
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Figuring precipitation
rate

Plants and precipitation

Irrigation Systems - Instructor’s Guide

Sprinkler Types and Nozzles

In addition, the discharge rate does not take into
account overlapping. In general, circular pattern
heads, spray or rotary, are overlapped 50% of the
diameter. Said another way, that amount of over-
lap is radius-to- radius or head-to-head.

With such overlap, some areas willbe covered by 1
head, other areas by 2 heads, and still other areas
by 3 heads. The amount of precipitation varies
depending on the amount of overlap.

One inch per hour is a number often claimed to be
a nurmal precipitation rate form. & converticnal,
fixed orifice spray heads. ror the reasons just
discussed, you can see that such a number is essen-
tially useless except for initial design estimates.

The only reasonable way to calculate precipitation
is to compare the total volume of water applied to
the actual area of landscape or turf watered.

The most accurate way to measure the amoun of
waterappiiedis toinstallaflowmeter inthesystem.
Sometimes you can use the water meter for this if
it is legible and operates properly. Formulas also
exist for calculating precipitation rate, but they
tend to be approximations. iiyou are interested is
such formulas, consult prodvct documentation
from various head manufacturers or reference

books such as the Turf Irrigation Manual.

Why tuss with precipitation and precipitation rates
anyv:ay? Because different types of plants have
different watering needs. You need to apply the
proper amount of water for the type of plar* life
being irrigated. Otherwise, your system is less
efficient and you waste water and the customer’s
money.

JSXY
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Precipitation rate and
heads on a circuit

Onward and upward
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5. Controlling Water Piacement

Determining the correct precipitation for different
plant types takes some research on your part. A
variety of sources exist where you can get informa-
tion: county extension agents, the National
Weather Bureau, nurseries, garden clubs, and
books (bo.xstores and public libraries), for ex-
ample,

Theresearch isworththe effort, however. Remem-
ber the discussion in Section 1aboutyourbecoming
a professional irrigator and not just “someone who
installs sprinkler systems.” Part of being a profes-
sional irrigator is to know about the watering re-
aunirements of the plants common to your locele.
With modern irrigation products and technology
available to you, guessing about the amount of
precipitation being applied is unacceptable.

Prc cipitationis also important because you need to
put heads with similar precipitation rates on the
samecircuit. Thisallowsthe circuit tocover agiven
area with a consistent amount of precipitation.

Rotary heads typ ‘ally have a much lower precipi-
tation rate than spray heads because at the same
discharge rate they cover a much larger area. For
thatreason, you normally do not want tc put rotary
headson the same - ircuit withspray heads. Precipi-
tation rates over a given circuit should be the same
unless you are tailoring certain parts of that circuit
to apply less water to certain areas. This would
make the design process very complicated, how-
ever, and usually less accurate.

Now that we have discussed sprinkler heads and
nozzles, complete the subject review on the next
few pages.

-
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5. Controlling Water Placement Subject Review

Subject Review

Sprinkler Heads and Nozzles

Fill in The Blank
Supply the word or words in the answer column to complete the following statemer
Then, after the questions are discussed in class, place an “X” through each inccrrect

answer and write the correct ansv/er in the answer column. That way, yc . will know the
correct answers if you later review this information.

State...ent Answer

1. The main design factor that affects sprinkler Pressure. (Page 26)
operation is

2. In common terms, the two major categories of Spray, Rotary. (Page 25)
sprinkler heads are and

3. The most common types of drive mechanisms Impact, Gear, Ball. (ABC’s,
for rotary heads are , , and pages 23-25)

4. The drive mechanism for so-called “gear- Turbine. (ABC’s, page 24)

drive” heads is actually a

5. When you design a system that has different Precipitation. (ABC’s, nage
types of head.,, with various shar s and sizes of 91)
spray patterns, always take into account the
rate of the heads.

A~
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Statement

6. Cor' >ntional spray heads discnarge a flat pat
tern of spray that is usually in shape.

7. Some spnnklers distribute water more effi-
ciently by means of a moving nozzle which
creates a _action.

8. A system with rotary heads is generally less

than a system with lawn or spray heads.

§. Controlling Water Placement

Answer

Circular. “age 28)

Wobb’ing, Pulsating, Pen-
dulating. (ABC’s, pagz 15)

Expensive, Costly. (Page 26)

-1
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S. Controlling Water Placement Subject Review

True or False

In the answer column, m2 X the following statements “T” for true or “F” for false. The
whole statem~nt is false if any part of it is false.

Then, after the questions are discussed in class. place an “X” through an incorrec.
answer and write the correct answer in the answer column. That way, you will know th.
correct answers if you later review thic information.

Statement Answer

1. Generally, the greater the distance water is True, (Page 26)
thrown, the r ore it is affected by wind.

2. Ifaturfareaisquite large and you have enough False. (Page 26}
water supply, you should use the largest radius
rotary heads availabie.

3. Ball and cam drive heads are, in effect, impact True. (ABC’s, page 24)
heads.
4. All fixed orifice spray heads distribute water False. (Page 29)

very evenly within the pattern.

5. Forthe same area, a well designed system with False. (Page 26)
rotary heads can be just as water efficient as a
well designer system with spray or sprinkler
heads.

6. With most impact heads, as you adjust the arc False. (Page 27)
down (for instance, from 360° to 180°), the pre-
cipitation rate remains the same.

7. With most impact heads, as you adjust the arc True. (Page 27)
down, the discharge rate remains the same.

8. Some lawn sprinkler heads have nozzles that True. (ABC’s, page 15)
pendulate or wobble to improve water distribu-
tion within the pattern.

NN
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Subject Review 5. Conirolling Water Placement

Multiple Choice
Circle the leiter of the choice that best completes the statement.
Then, atter the questions are discussed in class, write the letter of the correct answer in

the answer column. That way, you will know the cu..ect answers if you later review this
information.

Statement Answer
1. The application for rotary heads is B. For large turf areas.
(ABC’s, page 25)

A. Fcr the cheapest system possible

<. For small,: ostly square yards

D. For mostly square yards with no trees
E. For fiower beds

F. None of the above

IS
N
.

Lawn heads are more efficient than rotary E. A,B,and C. (Page 28)
heads because

They are usually less aifected by wind
They vaste less water

You can fit them into odd shaped areas
more efficiently

They cost less

A/B,and D

mog QwWp
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§. Controlling Wate: Placement

Statement

3. Shrub heads on risers

A. Should be on both sides of a flower bed to
distribute water evenly

B. Must be made of copper or brass because
the riser is above ground -

C. Can be a hazar? and shoul¢ always be
placed against a fixed wali. os structure

D. Should be higher thau the height of ihe
shrubs

E. Both AandB

4. Water pressure that is too high for a sprinkler
system

A. Is a major caus . of water waste because the
heads perform poorly

B. Canshorten the operating life of the heads

C. Gives alittie extra distance of throw and
thus improves water distribution

D. Is generally okay because the heads pop up
to their full height

F. BothCandL

: Irrigation Systems - Instructor’s Guide
ERIC Buton S

Subject Review

Answer

F. Both Cand D. (Page 28)

E. Both A a; 1B. (Pag: 29)
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Subject Review

Statement

&. Controlling Water Placement

Answer

]

5. Never include rotary heads and sprinkler or
spray heads on the same circuit because

A. They look unsightly together when they

B.

CRCRe

operate

Determining the spacing for good overlap is
very difficult

The discharge rates are gieatly different
Both Aand B

Both Cand D

6. Thereasonableway to calculate precipitation s

A. To know the discharge rates of the heads

B.
C.

E.
F. BothCandD

Ta know how long the system has been
running

To know the distribution profile of the
lLieads

Both Aand B

C. The precipitation rates
are greatly different.
(ABC’s, page 91)

D. To know the actual vol-
ume of water applied and the
actual size of the area to
wkich it was applied.

(Page 33)
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S. Controlling Water Placement

Statement

7. Trajectoryis important to the irrigator because

A. Generally, the higher the throw, the greater
the radius

B. The higher the throw, the betier the water
distrib:tion

C. Thehigherthe throw, the more water lost to
wind

D. The higher the throw, the more water
evaparation

E. BothAandB

8. All conventional circuiar pattcrn spray heads

A. Throw large drops of water

B. Have the same operating pressure range

D. Haveaconstantdischarge rate regardless of
water pressure

E. All of the above

F. None of the above

Irrigation Systems - Instructor’s Guide

Subject Review

Answer

F. Both Cand D. (Page 26)

C. Must be properly over-
lapped to improve water dis-
tribution. (ABC’s, nage 82)

e
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Subject Review 5. Controlling Water Placemeni

(This page included for duplexing.)
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Orientation

‘ Layout and Design

Class Session 5

Audio-visual aids that Overhead projector

you need to present class Transparency marking pens
session 5

Labs or drawing exer- Drawing Exercise 1

cises associated with
class session 5

Steps to complete before Complete the following steps before you teach
teaching class session 5 class session 5
1. Locate the packet of sample plot plans. The plot
plan masters are inked drawings on tracing paper
. and measure approximately 17" 22",
2. Use the pressure loss charts in the ABC’s and the

Turf Irrigation Manual. Photocopy as many of the
sample chartsas you have students enrolled inyour
class.

3. Locate sample plot plan 1 (it may be labelled 1-3).
This copy will serve as a master.

Photocopy as many of plot plan 1 as you have
students enrolled in your class.

4, Read this entire section and the following pagesin
the ABC’s: 77 through 108.

5. Read the description for Drawing Exercise 1. Itis
in the tabbed section “Labs and Exercises.”

B : Irrigation Systems - Instructor’s Guide 05-1
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Orientation

Reading and homework
assignmerts for class
session 6

6. Layout and Design

Deter.aine exactly what Drawing Exercise 1 in-
volves.

Make sure that you have all of the required mate-
rials prior to the class.

Study the lessen plan for class session S. Remem-
ber that the times zllotted are guidelines only.

For you and your students, photocopy the pretest
for the subject “Iayout and Design.” All pretests
are located in the 9x12 envelope. Be sure to return
the master to the envelope.

Sit or lie in a quiet place where you will not be
disturbed. Close your eyes and relax your entire
body. Breathe deeply several times, using your
diaphragm to inhale and exhale. Mentally picture
yourself with your students, discussing irrigation.
“See” the situation as a sharing of information that
unfolds pleasantly. Imagine thzlearning process as
being a pleasant and beneficial exy >rience. Hold
that thought for a few minutes, then open your eyes
and resume your daily activities.

At the end of class session 5, give the reading
assignment and the homework fur class session 6.

Reading assignment:

In the ABC’s:
Pages 110 through 118.

In the Student’s Guide:
All of Section 7.

Homework:

Coraplete Drawing Exercise 1
18
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Section overview

6. Layout and Design

Layout and design involves much information that
is central to the irrigation business. This section is
fairly lengthy and at fivst may seem overwhelming.
Remember, however, that y- . are building your
understanding one picce at a time. Asyou progress
throug, he areas in this section, the entire subject
of layout and design will make more sense.

The layout and design of sprinkler systems can be
looked at as involving 4 main phases:

1. Drawing an accurate plot plan.

2. Laying out the sprinkler heads on the plot
plan.

3. Sectioning the sprinkler heads (adding the
plumbing).

4. Checking your design mathematically.

Before discussing each phase, however, we need to
cover some general information about layout and
design. This information discusses the basics of
designand of hydraviics. Followingthat, the4 main
phases are then expiained.

Design Basi

When a customer wants
the least expensive
systeni

Irrigation Systems - Instructor’s Guide

Your goal is to de. > system properly and ac-

cording to good irri zractices. But you also
have to comply with .. the property owner
wants.

Many times you will encounter a property owner
who wants the least expensive system. The least
expensive systemis seldom, if ever, the most effec-
tive and efficient system. The customer needs to
know this.

For example, a system that throws water across
sidewalks and driveways wiii probably be less ex-

ot
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Design Basics

Installation and Design

N

6. Layout and Design

pensive than one that docs not. But over the _ears,
the customer may actually spend more on water
than on the cost of a more efficient system. In
addition, watering sidewalks and driveways does
not promote water conservation.

A better approach to serving the customer’s needs
is to offer a choice. Design the most ¢fficient and
effective system based on the requirements of the
customer and sn good irrigation practices. Be
prepared to support your design when you present
it to the customer. Always explain to the customer
the design and how the system will operate.

Remember that as a professional irrigator, you
promote good irrigation practices. Wasting water
is not one of them. Design your systems with good
irrigation practices in mind. Most customers will
recognize thatyour designis professional andis not
priced merel* for more money.

If necessary, vut only if necessary, you can adjust
thedesignto lowerthe total cowt of the system. You
necd to find that balanca between the best possible
system and one that e customer can afford.
Ideally, they are the same.

The installation of the system may not exactly
match the design. Sometimes you must make on-
the-job alterations. Try tokeepthe installation and
the design as identica! as possible, however. Note
any alterations on the design.

Always leave a copy of the design with the cus-
tomer. He or she needs to know where the system
components are located. The design is also helpful
if another irrigator needs to perform maintenance
on the system at a later date.

iS1
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6. Layout and Design

Precipitation rate revis-
ited

Annotation:
(Reference)

Formulas for calculat-
ing precipitation rate
are listed on pages 138
and 139 inthe Turf iiriga-
tion Manual.

Prect)itation rate and
controllers

Annotation:
(Discussion Question)

For those of you in (he
irrigation  business,
what have you been tell-
ing customers whex you
explain how long to rrn
each circuit?

Irrigation Systems - Instructor’s Guide

Desien Basics

You learned about precipitation rate in the last
section. But a discussion about design basics is
another good place to mention it. Re.n: :nber that
precipitation rate measures how mu.n water is
applied to an area and how rapidly.

Thep -ecipitatienrate for each circuit canbe calcu-
lated. One way to do this is listed on page 91 in the
ABC's. You will understand each part of the
formula more fully by the time you finish this
section.

The fo: ..ula calculates the rate for triangular
spaced spray heads. Other formulas exist; s.. -
even take into account full-circle sprinklers xud
part-circle sprinklers on the same circuit.
Calculating the precipitation rate of indivic *
sprinklers, or circuits, is a way to know how quickiy
watier will be applied to the landscape. ror in-
stance, supposc that you calculated the precipita-
tiorrate ona circuit to be 1/2 inch per hour. Ifyou
ran that circuit for an hour, the amou. * of precipi-
tationwould be the same asif it had rained 1/2inch
in an hour’s time.

You need to know the precipitation rates of the
various circuits to determine how long each circuit
should water. You can then apply the rates when
you exp.ain to the property owner how to set the
lergth of - -atering times on the controller.

Knowing the rates is your basis for knowing how
long to set the watering times. The pioperty owner
can then understand each ciccuit in terms of “so
many minutes” equals “so many inches ¢f rain ”

had
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Design Basics

Drawing practices

Problem:
pressure

low static

§. Layout and Design

Other factors, such as the type of soil and slope of
the land, also affect watering times. Consider such
factors whenyou determine watering times; do not
rely totally on the calculation of precipitation rate.

Use common sense in the drawing practices for
your designs. For example, use a half circle to show
one pipe crossing another. Use short linzs at
intersections to show the fittings. Elbows should
have two short lines; tees should have three.

The following symbols are commonly used in the
irrigation business:

@ = Water meter

X}XI- = Backflow prevention device
-@- = Section valve
— — — = Main line piping
= Section piping
® = Grass head
O = Shrub head

Ycurdrawings should always be drawnwell enough
to prevent confusion about the layout and design.

If the staticwater pressure is 30 psi or less, you may
not have enough pressure to operate a sprinkler
system. Let us look at why.

Many types of spray heads have a minimum oper-
ating pressure of about 20 psi. This means that all
of the spray heads--even the last head on the
farthest circuit--must get 20 psi to operate cor-
rectly. If you have only 30 psi to start with, you can
afford to lose only 10 psi before water reaches that
furthest head. Depending on the route, the water
may lose raore than 10 psi before it reaches the last
heads.

J

[N
.y
A

Irrigation Systems - Instructor’s Guide




6. Layout and Design

Use a larger supply line

Problem: static pres-
sure too high

Annotation:
(Discussion Question)

For those of you working
in the irrigation busi-
ness, how many of you
haveused pressurt regu-
laiors or pressure-regu-
lating valves? Explain
where and how.

Irrigation Systems - Instructor’s Guide

Design Basics

A reasonable and economical way to reduce the
amount of pressure drop is to use a larger size pipe
for the supply line.

Tie into the water line with a tee fitting as close to
the water meter as possible. This helps prevent any
further pressure loss by running unnecessary pipe.
Froin the tee, you use a larger supply line. A good
irrigation practice that is commonly followed is to
upsize the pipe ai least one size from the size of the
meter.

Forexample, ifyou connectedyourtee toa3/4 inch
line, you would use a 1 inch supply line. In some
cases, you may even need a 1-1/4 inch supply line
depending onthe water pressure and the amount of
pressure loss.

A larger sur ly line is a good way to improve the
flow and decrease the pressure loss.

A static pressure that is too high can also cause
problemswith asprinkler system. Possibly the most
prevalent mistake that irrigators make is to install
systems that are over pressured. The reason that
many spray heads mist and fog is because of teo
much pressure at the head.

Sprinkler heads have an ideal operating range of
pressure (often from 20 to 35 psi). If the pressure
exceeds that range, the operation and the longevity
of the heads suffer. Over pressurizing occurs all too
conmimonly. As irrigators, we tend to look at having
high pressure as a good thing for a variety of
reasons. (You need fewer sections, valves, pipes,
etc.) But keep in mind that too much pressure can
reduce the effectiveness of a system.



Design Basics

Useapressure regulator

6. Layout and Design

A common remedy for high pressure are pressure
reguiators. Avariety of types exist, including pres-
sure-regulating valves. The regulators are fairy
expensive, but they greatly prolong te life of a
system.

-t
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6. Layout and Design Basics of Hydraulics

Basics of Hydraulics

Hydraulics defined In irrigation, hydraulics is the study of the motion
of water. You need to have a working knowledge
of hydraulics in order to correctly design irrigation
systems. Fcrtunately, much of the information
concerning hydraulics exists in charts and tables.
Mostofyour calculations require only simple math.

Moving water For all practical purposes, water cannot be com-
pressed. Therefore, a mechanical force --
pressure-- is required to move the water. The
pressure may come from apump or fromthe weight
of the water itself.

In the irrigation business, pumps are most com-
monly used on large commercial installations. The
pumps are usually the centrifugal type.

. Regardless of the type, however, no pump candraw
water upwards more than 33.94 feet. You would
typically want to install a pump no more than 15 or
20 feet above a water source.

Many areas get their water from elevated storage
tanks (water towers). The weight of the water
produces the water pressure. Water weighs 8.34
pounds per gallon. One cubic foot of water weighs
62.37 pounds. The higher the tank, the more water
pressure at ground level.

Water pressure is something that irrigators are
concerned with in the design of systems. The
different parts of a system have different pressure
requirements.

Ia
LS
a.‘!

“NJ

Irrigation Systems - Fnstructor’s Guide 6-7




Basics of Hydaulics

Measuring pressure

Static pressure and
working pressure

Friction

O 6'8

6. Layout and Design

Pressure is measured in pounds per square inch
(psi), or in feet of head. Pounds per square inch is
the force thatis producedby the weight of the water
on 1square inch of area. For example, the weight
of 1 foot of water acting on 1 square inch is .433
pounds. Therefore, 1 foot of head (height) equals
.433 pounds per square inch.

Ifyouincrease the height of thewater to 2.3 feet, the
weight acting on 1 square inchis 1 pound. (2.3 feet
X 433 psi/foot = 1psi). Therefore, 1psiequals2.3
feetofhead. Feet of readis further explainedinthe
ABCs.

Theamount ofwaterpressure when the water is not
moving is called static pressure. You design a
sprinkler system initially based on the static water
pressure. As you progress further with the design,
youmust deal with what is called working pressure.
Working pressure involves water that is moving,

The working pressure will always be lower than the
static pressure. Just as soon aswater starts moving,
it loses pressure. You have only so much static
pressure to work with. Once the pressure is lost,
you cannot regain it. (Remember, water pressure
may come only from a pump or from the weight of
the water itself.)

Friction is the reason that moving water loses
pressure.

Friction occurs when two objects rub against each
other. Water flowing through a pipe, for instance,
rubs against the walls of the pipe. Friction exists
between the walls of the pipe and the water.

Friction also occurs when the water changes direc-
tions. For example, friction occurs when water

)
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6. Layout and Design

Friction loss

Velocity

Irrigation Systems - Instructor’s Guide

Basics of Hydraulics

passes through a meter, a backflow prevention
device, or even a valve.

The ABC'’s explains friction quite well on pages 95
through 98, and introduces the term “friction loss.”

Theeffect of frictionis toslow down the water. This
is the same result as if you were to decrease the
pressure on the water. Therefore, friction loss is
also called pressure loss. The two terms are used
interchangeably.

Every type of sprinkler head has a minimun oper-
ating pressure. It is the least amount of water
pressure required for the head to operate correctly.
Any amount less, and the head may work incor-
rectly or not at all. So you can see why working
pressure isso important to a design, You will learn
about calculating working pressure later in this
section.

An important thing to remember about irrigation
hydraulics is that there is a difference between
static pressure and working pressure.

Velocity is often confused with pressure. Velocity
is the speed at which the water is moving in a
system. Pressure is the amount of force moving the
water.

Velocity is important to your design because of a
conditioncalled water hammer. Think about water
flowing quickly through a pipe. If you were to
quickly close a valve and shut off the flow, what
would happen? It would be like you running face
first into a brick wall.

.~
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Basics of Hydaulics

Annotation:
(Reference)

Table 16, on page 339 in
the Turf Irrigation Man-
ual, shows an example of
the multinlying factors.
Page 338 explains the
formulas used to deter-
mine velocity.

6. Layout and Design

The force that develops from such sudden halts of
water flow is called water hammer. The force is a
temporary increase in water pressure near the
point of stoppage. If the velocity, speed, of the
water is too great, the force of the water hammer
can rupture the pipe, fi:tings, or valves.

Therefore, a safe range to keep the speed of the
water moving through a sprinkler system is S feet
per second. The range may vary slightly depending
on the size, type, and strength of the pipe material.

Velocity is usually calculated by multiplying the
flow rate in gallons per minute times a factor. The
factrr is based on the size and type of pipe. The
multiplying factors are usually listed on the
manmnfacturer’s specifications for the pipe or the
sprinkler component.

Now that you have covered the basics of designand
hydraulics, try your hand at the subject review on
the next few pages. After completing the review,
continue reading the rest of this section.

et
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6. Layout and Design Subject Review

Subject Review
Basics of Design and of Hydraulics
Fill In The Blank
Supply the word or words ir: the answer column to complete the following statements.
Then, after the questions are discussed in class, place an “X” through each incorrect

answer and write the correct answer in the answer coliumn. That way, you will know the
correct answers if you later review this information.

Statement Answer
1. A good business practice is to design for tlie Efficient, effective. (Page 2)
property owner the most and
system and not just the least expensive system
possible.
2. PSI stands for . Pounds per square inch.
(ABC’s, page 92)
3. One gallon of water weighs pounds. 8.43. (Page 7)
4. The pressure of water when it is not moving is Static pressure. (Page 8)
called
5. Oneway toreduce the amount of pressure drop Larger. (Page 5)
istouse a size pipe for the supply line.
6. The weight of a column of water 1inch square 433, (Page 8)
and 1 foot high is pounds.
7. Calculating the for each circuit Precipitation rate. (Page3)

gives you some basis for setting the controller.

8. Thereason that many spray heads fog or niist is Pressure. (Page 5)
because of too much at the head.
3y~ -
iy
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Subject Review 6. Layout and Design

True or False

In the answer columnn, mark the following statements “T” for true or “F” for false. The
whole statement is false if any part of it is false.

Then, after the questions are discussed in class, place an “X” through an incorrect
answerand write the correct answer in the answer column. That way, you will know the
correct answers if you later review this information.

Statement Answer

.)-—l

Whenyou design an irrigation system, you can False. (Page9)
consider the working pressure and the static
pressure as the same.

2. The installation of a system may not exactly True. (Page 2)
match the design.

3. Elevation has nothing to do with the working False. (ABC’s, page 93)
pressure in an irrigation system.

4. Generally speaking, water is not compressible. True. (Page 7)

5. Always leave a copy of the design with the True. (Page 2)
property owner.

6. One foot of head equals one psi. False. (Page 8)

7. Asa professional irrigator you recognize that False. (Page 2)

throwing water on streets and sidewalks is
unavoidable, and should therefore be of little
concern to you or to the property owner.

8. Always draw your designs such that only you False. (Page2)
know what they mean.
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6. J.ayout and Design Subject Review

Multiple Choice
Indicate the letter of the choice that best completes the statement.
Then, after the questions are discussed in class, write the letter of the correct answer in
the answer column. That way, you will know the correct answers if you later review this

information.

Statement Answer

1. Ifthewaterlevelinawatertoweris 110 ft above B. 110 feet of head (110 ft x
ground level, the static pressure at ground level 1 ft of head/ft = 110 ft of
is head)

A. 253 feet of head
C. 38.8 psi
D. 63.6 psi
E. 65.7 psi
F. BandC

2. Two gallons of water weighs E. 16.681bs (8.341bs/gal x2
gal = 16.68 1bs)
A. 433 1bs
B. 2.311bs
C. 8.341bs
D. 10.45 Ibs
F. 18.23 Ibs

l £
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Subject Review 6. Layout and Design

Statement Answer

3. Water pressure can be increased only by F. Both Cand D (Page 7)

A. Using a larger water meter

B. Using a smaller pipe size

C. Raising the elevation of the water source
D. Pumping the water

E. BothAand B

4. The friction loss of water flowing through pipe F. All of the above (ABC’s,
is affected by pages 95-97)

A. The material the pipe is made of

B. The size of the pipe

C. The roughness of the inside surface of the .
pipe

D. The LD. of the pipe

E. The flow rate and the velocity of the water

Zl,
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6. Layout and Design Subicct Review

Statement Answer

30.5 psi
32.5 psi
42.4 psi
46.2 psi
55.4 psi
§9.1 psi

5. Calculate the static pressure at points 1, 2, 3,
and 4.

APTORP

Water

98 feet

4

1 3 23 {eot

30 feet

1. C (98 ft x .433 psi/ft = 42.4 psi)
2. E (128 ft x .433 psi/ft = 55.4 psi)
3. C (98 ft x .433 psi/ft = 42.4 psi)
4. B (75 ft x .433 psi/ft = 32.5 psi)
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(This page included for duplexing.)
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6. Layout and Design

Design Phase 1

Design Phase 1: Drawing A Plot Plan

Plot plan defined

Annotation:
(Discussion Question)

How many of you have
ever drawn a plot plan?
What did you find to be
the easiest part about it?
The most difficult?

Producing a plot plan

Determine the property
boundary lines

Irrigation Systems - Instructor’s Guide

In the irrigation business, a plot plan is a scale
drawing of the property to be irrigated. A plot plan
shows the dimensions of the property, the land-
scaping, and all structures, as well as indicates the
presence of any items on the propertysuch as utility
poles. From a practical standpoint, the definition
should also include the notes that you record about
the property. As you will see, the notes can be as
important as the measurements themselves.

A good way to produce a plot plan is to make a
freehand sketch of the property. Youneedapencil,
drawing paper, compass, and a scaled ruler. You
may also wish to have a T-square, triangle, protrac-
tor, French curves, calculator, and templates.

The drawing paper can be blank, but graph paper
is much easier to use when drawing to scale. The
ruler can be either in 8ths of an inch or 10ths of an
inch. The choice is yours--but be consistent. Do not
switch back and forth or you will very likeiy gét
confused and produce inaccurate drawings.

Once you have your drawing materials, you need to
determine the property boundary lines. This is
usually fairly easy, but not always. Property lots
may be irregularly shaped and structures such as
fences may not follow the property lines. An
architect’s plot plan or a survey plot can help you
determine the boundarylines. Homeownerssome-
times have a copy of the architect’s plot plan or the
survey plot.
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Design Phase 1

Measuring the property

6. Layout and Design

You want to determine the boundary line for a
couple of reasons. First, you need to avoid putting
any part of a customer’s sprinkler system on some-
one else’s property. Second, you want to throw as
little water as possible on adjacent properties.

A plot planmust be accurately drawn to scale. This
means, of course, thatyou must accurately measure
the property. “Stepping off” the distance is totally
unacceptable. Even if you have an architect’s plot
plan, you shouid re-measure the property and
double check the accuracy of the architect’s plan.
You may find that dimensions were changed from
the architect’s plan, or that items were added or
deleted.

You will need an accurate measuring device. Two
commonly uscd ones are a measuring tape and a
measuring wheel. The measuring wheel is basically
a counter attached to a wheel. The rotation of the
wheel is shown as a distance on a display. Remem-
ber to keep your I:zes of measurement straight
regardless of which measuring device you use.

Measure as accurately as you can. Generally, it is
easier if you round off to the nearest half foot.
Whetiier you round up or down is up to you, but be
consistent. Decide onyour rules for rounding and
stick with them.

Be sure to take enough measurements to ade-
quately design the system. It is better to have too

many measurements than not enough. You will -

waste tune and money if you have to return to a
property to get additional measurements.

(9] v
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6. Layout and Design Design Phuse 1
Indicating landscaping Your plot plan should also include the locations of
and other items landscaping items such as trees, bushes, shrub beds,

flower beds, garden beds, and so forth. You should
also include the locations of any items that may
obstruct the water from a sprinkler systems. These
include objects such as cooling/heating compres-
sors, fire hydrants, mailboxes, utility poles, utility
buildings, retaining walls, fences, and so forth.

Drawing an arc Propertiessometimesinclude arcs such asa curved
street or a circle driveway. You need to draw such
arcs as accurately as possible. Various methods
exist for doing this. The method explained next is
but one way.

Most curved curbs or circle driveways contain
expansion joints. These are usually wood pieces
placed into the curb or driveway at the point where
the arc actually starts. Measure from a fixed point,
such as the corner of a house, to each expansion

. joint.
Pick 2 points on the arc that divide the arc into
thirds. For ease of discussion, we will call them
Points A and B (youwill have to estimate where the
points are). From Point A, measure to 2 fixed

points, such as the corner of a house and a corner
of a sidewalk, etc.

On the plot plan, draw in the distances from the 2
fixed points. The place where the 2 lines cross is
Point A.

Repeat the same procedure for Point B: measure

to 2 fixed points and draw the distances on the plot
plan. The place where the 2 lines cross is Point B.

o
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Plot plan notes

6. Layout and Design

You have now identified 4 points on the arc: the
end points {the expansionjoints), and Points A and
B. Use a French curve and draw the arc from one
expansion joint to the other. The arc must pass
through Points A and B.

You now have an accurate drawing of the arc.

After you have drawn a plot plan that includes
everything discussed so far, you next step is to take
some written notes. Do not try to remember the
information--write it down. Be as thorough as you
can with the notes. You may sometimes need to
take a photograph of a property as a further re-
minder. An instant picture camera works well for
this (such as a Polaroid).

The following questions are included to help you
with your note taking. Make sure that you answer
each of the questions in your notes. If you do, your
plot plan and notes will be invaluable when you
design the system.

All of the questions are based on one rule: talk to
the property owner. This is very important. You
must find out what the property owner wants. The
following questions help illustrate why.

Does the property owner plan to add items to the
property or remove them?

For example, you need to know if the property
owner plans to add a swimming pool, spa, utility
shed, garden area, and so forth. Conversely, what
if the owner plans to quit using a garden area
(remove it) and cover it with turf? You need to
know this type of inforimation before you design the
system.

e
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Design Phase 1

Does the property owner object to water on any
certain areas?

For example, the owner may not want water thrown
on the driveway, sidewalks, fence, or even the
dwelling itself. (The water in some locations con-
tains minerals that canstain brick, wood, and other
building materials.)

Does the property owner have any special watering
requirements?

(This may also include areas of the property that
the owner does not want irrigated.)

You already know from previous discussions that
different types of plants require different amounts
of water. Asa professionalirrigator, you should be
familiar with the watering requirements for the
types of plants common to your locale. Even so,
checkwith the property owner about special water-
ing requirements.

Doesthe property owner want a manually operated
system?

If so, you need to find out if the owner wants the
valves located in a specific place. The advantages
and disadvantages of a manually operated system
were discussed inSection 4. Some property owners
wantamanually operated systemdespite the disad-
vantages.

Where does the property owner prefer to have the
controller located? Does the proposed location
have electricity?

Section 4 discussed controllers, where to locate
them, and how to deal with the situation of no
available electricity. You may wish to review that
information at this time.
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6. Layout and Design

Does the property have sufficient hose bibbs?

Sometimes property owners would like to have
additional hose bibbs around the property. Some
residential customers prefer to have a hose bibb
near the driveway to make washing their vehicles
more convenient.

Also ask any other questions that may occur to you
about the particular situation.

Your plot plan notes should also include informa-
tion based on your observations. The following
items are reminders of the type of information to
write down.

Note the direction of north in relation to the
property.

Note any rises or falls in elevation.

Changes in elevation, depending on the type of
changes, can affect your design.

Note any underground utility boxes or lines.
Utility companies will often post signs warning
about the location of buried utility lines. As a
general rule, contact the utility companies before
you trench or dig.

Note the types of borders around the property.

The borders may include curbs, gravel shoulders,
drainage ditches, other properties, and so forth.

oo
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Note the direction of the prevailing winds.

Wind is the nemesis of sprinkler heads. You need
to consicer the direction of the prevailing winds
when you plan your system. Dry spots can develop
where you least expect them because of wind de-
flecting the water. You may need to add an extra
head at a certain spot, for example, to allow for
wind deflection.

Remember that the higher and the farther the
water is thrown, the more susceptible it is to wind
deflection.

Never depend on the wind to water an area for you.
In other words, do not design a system such that it
depends on wind-blown water to adequately cover
the irrigated area.

Note if the property is using a water source other
than city water.

If the property is using a water well, you need to
determine the rating of the pump in gallons per
minute and the size of the discharge pipe.

You may needtofilter thewaterifitis fromasource
other than city water.

Note the items listed on page 79 in the ABC's.

Once you have anadequate plotplan, you are ready
to enter phase 2 of layout and design.
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(This page included for duplexing.)
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6. Layout and Design

Design Phase 2

Design Phas. 2: Laying Out The Heads

Layout

Heads and patterns

Spacing patterns

Annotation:
(Quick drawing activity)

Ask the students to look
at the top drawing on
page 82 in the ABC’s.
Instruct them to adjust
their compasses to the
distance between the
heads in the first row.

Irrigation Systems - Instructor’s Guide

After you have drawn an accurate plot plan, taken
notes, and {alked with the property owner, you are
ready to layout the sprinkler heads. This involves
deciding on which types of heads and patterns, the
size of the patterns, and how to arrange the pat-
terns.

Sprinkler heads and nozzles were discussed in
Sectiond ofyour Guide and on pages 10 through 28
in the ABC’s. Rememiber that spray, rotary, and
hybrid type heads exist, as well as both circular and
square patierns.

Onceyoudscide on the type ofheads to use, you can
look at the patterns available within that type (full
circle, part circle, large square, small square, etc.).
After you deiermine the types of heads and pa:-
terns, you will need to space the heads correctly
within the property.

The two types of spacing patterns are iriangular
and square. Since the AB’s explains them, this
Guide will rou discuss the _: in depth.

In triangular spacing, each row is offset from the
row next to it (thus forming triangular patterns in
relation to the h=ads). The distance between each
head is the same The distance between each row
of heads, however, i, about about 87% of the
distance between each head. It is fairly easy to
complete a tric :lated design with a compass.
The intersection of the compass arcs from any two
heads is the point where you need a head.

Square pattern spacing is typically used in larger
lawn areas. The distance between each head is the
same as the distance between each row of heads.

[\ T
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Design Phase 2

Set the compass on the
location of the first head
and draw an arc across
the second row of heads,
at about the four o’clock
position. Set the com-
pass on the location of
the second head and
draw an arc that inter-
sects the first arc. The
arcs will intersect at the
location of the secon<
head in the second row.

Inconsistency in spacing

6. Layout and Design

Unfortunately, not all property is square or rectan-
gular. Sometimes you will have to adjust the head
spacings based on the shape of the arca being
irrigated. Triangular andsquare spacinghelp to get
you started. But arranging the spacings and pat-
terns relies less on a scientific method and more on
an artistic method. Itis often learned by trial and
eITor.

You want to ensure that the system fully covers the
area being irrigated. This may require that you
alter the spacing between heads, or add an add:-
tional head at certain locations. In other words, do
not be afraid of inconsistency in your spacing if it
ensures complete coverage.

With either triangular orsquare spacing, consistent

or not, you must consider the overlap of the pat-
terns.
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Overlap

Why have overlap?

Irrigation Systems - Instructor’s Guide

Design Phase 2

Overlap is usually expressed as a percentage of the
diameter of the pattern. You may find it more
convenient to discuss the size of patterns in terms
of radius. Just remember that the diameter is twice
the radius.

Opinions on the correct amount of averlap vary.
For example, the ABC's mentions that th overlap
of circular pattern spray heads should not exceed
80% of the diameter. For example, ifa head throws
a pattern with a 20’ diameter, the spacing between
heads would be 16’ (80% of 20 is 16).

A more effective overlap, perhaps, is to stay in the
range of 50%t0 65% ofthe diameter. Thatis, never
exceed 65%. In this range, the patterns should
reach from head to head, or close to it.

Square pattern spray heads typically require less
overlap than circular pattern spray heads. An
overlap of 18" to 24" is usually sufficient.

The reason for ahead-to-head overlap is that spray
and rotary heads typically do not water close to the
head itself. You have to throw water into the
circular pattern to avoid dry spots. Dry spots are
never acceptable in a design. Therefore, if you
must change the spacing between heads, decrease
it rather than increase it.

A well-designed sprinkler system with properly
spaced circular pattern spray heads provides com-
plete coverage because of the overlap. The same
system, however, distributes water very unevenly.
That may come as a surprise, but think about it.
Some areas get watered from three different direc-
tions; they get triple watered. Other areas get
double watered. And still other areas get watered
only once.

6-27
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Design Phase 2 6. Layout and Design

Remember that complete coverage does not nec-
essarily mean even distribution.

Where to begin a layout There is no one specific way to layout the sprinkler
heads. You may find it helpful to start with the
corner areas. Determine the most effective and
efficient way to irrigate the corner areas and work
outfrom there. (You mayplace ahead to throwout
from a corner or into a corner depending on the
circumstances.)

You can space the other heads based on the posi-
tions of the corner heads. A convenient step to do
next is to place the heads in the areas that have
special watering requirements. For example, the
property owner may not want the fence, driveway,
and sidewalks to get wet. Go ahead and place the
heads such that these conditions are met.

Remember that shrubs and flower beds typically

require less water than turf does. Rather than ‘
watering them along with the turf, a more efficient

way is to use drip irrigation. Drip irrigation is

discussed in Section 7. For now, just keep in mind

that shrubs and flower beds can be watered other

than from the turf heads.

Narrow strips of turf, such as parkways, are usually
challenging to water. The ABC’s, on page 88,
discusses several ci ine methods used to water
them.

After you layout the heads, you are ready to enter
phase3oflayoutand design. Beforeyouread about
phase 3, however, compiete the subject review on
phases 1 and 2.

'l
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6. Layou: and Design

Subject Review

Subject Review

Layout and Design: Phases 1 and 2

Fiil In The Blank

Supply the word or words in the answer column to complete the following statements.

Then, after the questions are discussed in ¢lass, plzce an “X” through each incorrect
answer and write the correct answer in the answer column, That way, vou wiii know the

correct answers if you later review this information.

Statement

1. The two most common methods of placing
sprinkler heads are by and
spacing.

2. The two types of patterns from spray heads are

and
3. The pattern requires the least amount
of averlap.
4. Itisalmost always better to the spacing

between heads to achieve a better fit than to
the spacing.

] paper is usually helpful in designing a
sprinkler system.

A

With true triangular head placement, the
distance betweenrows is percent of the
spacing between the heads.

to
Cru
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Answer

Triangular, square.
pages 82-83)

Circular, square.
pages 17-19)

Square. (Page 27)

(ABC’s,

(ABC’s,

Compress, strewch; De-

crease, increase,etc.
page 84)

Graph. (Fage 17)

87 (ABC’s, page 82)

(ABC’s,
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Subject Review 6. Layout and Design
Statement Answer ‘
7. Always check the water pressure at a location Pressure gauge, or just
with a . gauge. (ABC’s, page 79)
8. strips of turf are challenging to water Narrow. (Page 28)

efficiently and effectively.

[

i
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6. Layout and Design Subject Review

True or False

Inthe answer column, mark the following statements “T” for true or “F” for false. The
whole statement is false if any part of it is false.

Then, after the questions are discussed in class, place an “X” through an incorrect
answer and write the correct answer in the answer column. That way, you will know the
correct answers if you later review this information.

Statement Answer
1. You should always verify the dimensions of True. (ABC’s, page 78)
property with an accurate measuring tool.
2. With triangvlar head placement, the spacing False. (ABC’s, page 83)
from head to hes.' and from row to row is the
same.
. 3. Onplot plans, you should include the locations False. (Page 19 and 28)

of shrub and flower beds only because they may
create an obstruction.

4. On plot plans, you should always include the True. (ABC’s, page 79)
locations of trees, utility poles, and any other
structures such as a storage building.

5. Overlap circular p=ttern sprinklers as little as False. (Page27)
possible.
6. Always irrigate any lawn areas wiwa as few False. (ABC’s, page 91)

heads as possible to achieve full coverage.

7. Itis always preferable to water shrubs, flowers, False, (Page 28)
and lawn at the same time if possible.

8. For certain slopes, you may have to use True. (ABC’s, page 90)
sprinklers with a low precipitation rate.

JAON
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Multiple Choice
Circle the letter of the choice that best completes the statement.

Then, after the questions are discussed in class, write the letter of the correct answer in
the answer column. That way, you will know the correct answers if you iater review this

information.
Statement Answer
g
1. Some of the items that you must know tc design F. A,B,C,and D (ABC’s,
an efficient sprinkler system include page 79)

A. Desires of the property owner

B. Size and location of the city water meter
C. Size, shape, and location of flower beds
7, Location of trees and utility poles

E. AandB only
2. Sprinkler head spacing should be based on D. Both A and B (ABC’s, '

pages 84-90)

A. Types of heads and sizes of patterns

B. Slope of property and location of trees

C. Water pressure

E. BothAand C

F. A,B,and C
oL
L&l
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Statement

Subject Review

Answer

3. Whenyou needtofind outthesize of a property,
it is sufficient to

A

Use the measurements from an architect’s
plan of the property

B. “Step off” the distance, which will measure

OO

tm

close enough for irrigation systems
Use a measuring tape to measure

. Use a wheel-type measuring device to

measure
BothAand B

4. A few dry spots in a design are

A

Acceptable if the spots are at the bottom of
an incline where run-off water will reach
them

Acceptable because wind and run-off will
usually get water to the spots

Acceptable if the design has no more than

three such spots

. Acceptable if the design has no more than

three suchspotsand atleast twoof the three
appear side by side
Both A and B

Irrigation Systems - Instructor’s Guide

F. Both C and D (ABC’s,
pages 78-80)

F. Never acceptable
(Page 27)
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6. Layout and Design

Answer

5. Awell-designed sprinkler system with properly
spaced circular pattern spray heads

A.
B.

C.

Distributes water very evenly

Distributes water very evenly unless the
ground is hilly

Distributes water very evenly if the correct
wind loss factor has been figured into the
design

Distributes water very unevenly unless a
filter keeps the water clean

Distributes water very unevenly only if the
water is blocked by obstructions such as
trees

6. An effective spacing for circular pattern spray
heads is

A.

om0 w

10-20 percent of the diameter of the spray
pattern

30-40 percent of the diameter of the spray
pattern

40-50 percent of the diameter of the spray
pattern

65-85 percent of the diameter of the spray
pattern

None of the above

D. Distributes water very
unevenly (Page 27)

D. 50-65 percent of the di-

ameter of the spray pattern
(Page 27)

("."
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Statement

7. Determining where to begin the placement of
the heads on a layout

A. Can be done scientifically if you use
Davidson’s Placement Formula

B. Can be done scientifically if you use the
Bourge scaling method

C. Reliesless ona scientific method and more
on an artistic method

D. Is often learned by trial and error

E. BothAand B

8. Overlapping the patterns of circular spray
heads

B. Is necessary because water pressure will
always decrease in the summer season
C. Is necessary because most lawns are rectan
gular and the only way to reach the corners
is by overlapping
Both A and B
BothBand C
None of the above

w5 O
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Answer

F. Both Cand D (Page 26)

A. Is necessary to avoid dry
spots between patterns
(Page 27)
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(This page included for duplexing.)

o,
[N Ty

6-36 Irrigation Syst<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>